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ORGANIC FARMING: AN ALTERNATIVE 
FOR FLORIDA AGRICULTURE?! 


M.E. SwisHER” AND P.F. MONAGHAN”? 


Home Economics Department", Anthropology Department™, 
University of Florida, Gainesville, FL 32611. 


AssTRACT: We surveyed commercial organic vegetable and citrus producers using lists provided by 
the Florida Organic Growers and the Organic Crop Improvement Association, two of the largest 
certifying agencies currently active in the state. Production practices used by these growers are 
described, and we examine whether organic nutrient and pest management systems represent viable 
alternatives for Florida agriculture. Our discussion focuses on the availability and costs of non-synthetic 
nutrients, issues of scale, and the role of geographic isolation in protecting organic systems. The potential 
benefits and problems of organic production are considered. 


SoME perceive of organic agriculture as a sustainable alternative to conventional 
agricultural production because organic production does not depend on synthetic 
inputs. Florida-certified organic producers, for example, must avoid the use of 
synthetic fertilizers and pesticides and use instead organic manures, green manures 
and cultural and biological pest control techniques. While we do not argue that a 
purely organic system of production is either desirable or feasible in Florida, other 
studies show that organic production systems are less energy- and synthetic input- 
intensive than some conventional systems (Berardi, 1978; Craumer, 1979; Klepper 
et al., 1977). Therefore, we conducted a survey of commercial organic vegetable and 
citrus producers in Florida to identify organic production practices, especially 
nutrient and pest management techniques, that could be incorporated into the 
state’s conventional production systems. 

The survey documented impressive growth in the number of commercial 
organic farmers in the past ten years. Organic farmers are using diverse land 
management practices, often combining 10 to 30 different crops and using rotational 
fallows and leguminous cover crops. Most are small businessmen and women with 
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farms and groves under 50 acres. Most of the producers that we spoke with were part- 
time farmers who had to be devoted entrepreneurs to gain a niche in the lucrative 
organic market of local health food stores, restaurants, and out-of-state brokers that 
supply organic produce nationwide. Like most producers who lie outside the 
mainstream o fagriculture, either because they produce a non- traditional commod- 
ity or because they farm in a non-traditional way, the mainstream agricultural 
support system often does not serve their needs. For example, organic producers 
may need special equipment or organically based weed control mechanisms, but 
because of the small market that they represent, the agricultural support industry 
usually pays relatively little attention to these needs. As a result, they struggle to find 
nutrient sources and experiment with different enterprise combinations on their 
small farms. Many acres of once-abandoned orange groves are being converted to 
organic practices of fertilizing and controlling pests and a handful of growers are 
starting new organic groves using standard commercial technology. There are 
several large commercial citrus producers in the state that have taken notice and are 
also experimenting with the organic market. 

Our survey raised several issues about how much organic producer have to offer 
conventional input intensive farms in the state. We conclude that organic production 
techniques have potential for specific geographic regions of Florida, for non- 
traditional crops and for small farmers. However, organic production cannot be 
compared to the state’s multibillion dollar vegetable and citrus industries unless a 
wider agricultural system is considered. We detail the constraints to widespread 
adoption of organic techniques in nutrient and pest management. 


A Perspective From Florida—Much of the research done on ecologically 
sustainable agriculture has focused on relatively low input systems, often based on 
livestock or agronomic crop production. Examples include the large body of research 
on reduced tillage methods (Hefferman and Green, 1986; Hendrix, 1987; House and 
Brust, 1989) and integrated pest management (Altieri et al., 1983; Clancy, 1 986; 
Edwards et al., 1988: Lockeretz, 1991; Pimentel et al., 1989). Much of this work 
focuses on agronomic crops such as cotton, soybeans, and corn. A considerable 
portion of the research about organic agricultural production has focused on the 
same crops and similar production systems, particularly mixed crop and livestock 
systems (Berardi, 1978; Dabbert and Madden, 1986; Klepper et al., 1977; Lockeretz 
et al., 1984: Pimentel et al., 1983). This research is of limited value to Florida, where 
citrus and vegetable sales are a $2.6 million industry. Both vegetable crop and citrus 
production depend on high inputs of labor, fossil fuel energy, and agrichemicals to 
compensate for poor soil fertility on Florida’s sands and the pest problems associated 
with the humid subtropics. 

Florida’s agricultural production must compensate for seasonal water scarcity, 
poor native soil fertility and the variety of pest problems common in the humid 
subtropics. Although average precipitation is high, most of Florida’s soils are sands. 
Their high porosity, combined with the high evapotranspiration rates experienced 
during the warm months, makes Florida a water-deficit environment for growers of 
horticultural crops and citrus during the warm months. During the cool season 
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production cycle, rainfall is low. Conventional growers have responded to water 
quality and water supply regulations by switching to low volume irrigation and use of 
pest scouting, often carried out by professional consultants (Swisher and Bastidas, 
1994). 

The low native fertility of Florida’s sandy Inceptisols and Ultisols require high 
nutrient application rates. While agricultural production on the state’s Histosols 
(mucks) is economically important, these soils represent a small percentage of the 
total agricultural acreage in the state. Further, some agricultural lands on the muck 
soils have been purchased by the state of Florida for wetlands restoration in the past 
decade. 

Florida’s subtropical climate, particularly in the major vegetable and citrus 
producing regions in the southern peninsula contributes to insect, disease, and weed 
problems that necessitate applications of ethyl bromide, herbicides, fungicides, and 
other pesticides for each crop. Because organic production eliminates the use of 
synthetic materials, we felt that the incorporation of some organic production 
techniques into conventional systems offered one possible avenue for reducing the 
potential environmental impacts from agrichemicals. Organic production would 
utilize animal wastes, which helps resolve the disposal problem of the state’s poultry 
and dairy farmers. Some studies (Berardi, 1978; Johnson et al., 1977; Klepper et al., 
1977; Pimentel et al., 1983) have shown that non-renewable energy use is lower on 
organic than conventional farms. Others argue that use of organic soil amendments 
improves soil qualities such as tilth and moisture retention, reduces plant parasitic 
nematode populations, and reduces erosion (Buchanan, 1983; Heichel, 1978; 
Lockeretz et al., 1981; McGrady, 1992; Shennan, 1992). 


Organic Nutrient Management Techniques—The most common sources of 
nutrients used by organic producers in the survey were animal manure (mainly from 
broiler farms and some dairies) and fish emulsion with kelp or seaweed. Bagged 
organic fertilizers, most containing poultry manure, are used by many Florida 
organic farmers, particularly the producers of high value vegetable crops (Swisher et 
al., 1994a; Swisher et al., 1994b). In terms of quantity applied, chicken manure is the 
most commonly used nutrient source, either composted from nearby broiler farms 
or processed and bagged or liquefied for injection. Fish emulsion and kelp or 
seaweed mixes are also used by almost all growers. Although they account for a small 
quantity of fertilizer applied, due to their concentrated nature, they are sprayed on 
approximately 250 ha, sometimes two to three times per crop. Among organic citrus 
producers surveyed, chicken manure is also the preferred fertilizer source. Over 
three-fourths, 79%, used chicken manure as their primary nutrient source. Seventy- 
one percent of all growers interviewed sprayed fish emulsion on their citrus. 

Despite the potential advantages from organic nutrient sources, conventional 
vegetable producers have yet to utilize a significant amount of manure while 
conventional citrus producers have been quicker to increase use of organic nutrient 
sources. Compared to the research base for inorganic nutrient sources, relatively 
little research concerning the effects of organic soil amendments on soil physical and 
chemical properties has been conducted under the bio-physical conditions typical of 
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Florida. Several studies have been conducted which examine agronomic crop and 
forage response to manure application (Gallaher et al., 1994). 

Another advantage from the use of organic nutrient sources for Florida would 
be reducing the problem of manure disposal that the state’s animal producers face. 
The dairy industry is a good example. Florida dairies are large, averaging 500 cows 
per herd. Many dairy producers, particularly in the Lake Okeechobee watershed, 
face severe constraints in disposing of manure. It therefore appears that there is a 
good opportunity to solve two problems-nutrient supply and manure disposal—by 
increasing use of manure as a nutrient source. However, the nutrient sources and 
vegetable and citrus production areas do not necessarily coincide geographically. 
For example, much of Florida’s broiler production is located in North Florida, where 
there is no citrus production and limited vegetable production. Therefore, not all of 
the nutrients that are available in the state are economically viable as a source of 
nutrients for vegetable or citrus producers. 

The preferred source of organic soil amendments is broiler manure because it 
has a relatively high nutrient content, particularly nitrogen, the major limiting 
nutrient for most of Florida agriculture, and because itis a relatively dry manure, easy 
to handle and prepare for field application. However, Florida’s broiler manure is 
already scarce. Our survey showed that the cost of chicken manure has increased 
greatly in recent years. One chicken manure vendor indicated, for example, that his 
sales have increased eighteen-fold over the past eight years. Other manures are 
generally lower in nutrient content and harder to apply because of their high 
moisture content. 

The organic farmers interviewed often said that organic nutrient sources 
improve overall soil “health,” including enhancing biological activity in the soil and 
increasing soil organic matter content, with resulting improvements in water 
retention capacity. They also point out that the nutrients in organic sources are 
released slowly, reducing flushes of nutrients into the soil-moisture complex. The 
degree to which organic matter additions actually contribute to increase long term 
soil organic matter content is debatable. Swisher’s (1982) research in Costa Rica, for 
example, showed that soil organic matter content 90 days after application was not 
affected by application of compost, most probably due to high rainfall regimes and 
high temperatures leading to rapid oxidation of the organic addition to the soil. Very 
little research has been conducted about the effects - either positive or negative - of 
organic soil amendments on pests such as weeds, nematodes, and soil borne plant 
pathogens. For example, tomato growers can invest up to $4,000 per acre to produce 
a crop and are therefore unwilling to risk using technologies that are not well 
researched. 

Fossil fuel for fertilizer accounts for 11% of the total energy used in conventional 
citrus groves (Fluck, 1992a) and slightly over 7% (Fluck, 1992b) of all energy used 
in Florida vegetable production. Theoretically, organic production should save 
virtually all of this fossil fuel energy input. The actual energy savings is somewhat less 
because of the long distances that manure and other organic soil amendments are 
moved, their bulky nature, and the number of trips across the field required to apply 
them. 
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The use of organic amendments may offer more promise for citrus than for 
vegetable production, and in fact citrus producers purchase much of the broiler 
manure available in Florida. First, the soil in citrus groves remains relatively 
undisturbed, enhancing the probability of soil organic matter accumulation. Further, 
a perennial tree crop is less sensitive than a short season vegetable crop to the time 
of fertilizer application. Therefore, citrus crops are better able to utilize nutrients 
released over an extended period of time than are vegetable crops. Some conventional 
citrus growers in Florida are using organic nutrient sources, also suggesting that this 
production technique may have considerable potential for the state’s citrus industry. 


Organic Pest-Management Techniques—Use of synthetic pesticides is under 
increasing restrictions both nationally and in Florida and the potential environmental 
damage from pesticides has been well documented (Pimentel, 1980). Integrated 
pest management, long an important research and extension thrust in Florida, 
represents a move away from reliance on pesticide application, particularly calendar 
application. Many Florida growers already apply the principles of integrated pest 
management (Swisher and Bastidas, 1994). It seems logical, therefore, that organic 
production techniques in the area of pest management would be particularly 
attractive to conventional producers. 

In our survey, pest management problems, particularly disease problems, were 
not viewed as serious by most organic growers. Even insect pests, though frequently 
mentioned, were not seen as a serious production problem by most of the producers 
who were interviewed. Most indicated that they “live with” insect pests. Diseases 
were mentioned, but often no specific management practices were used to control 
them, and nematodes were rarely viewed as an important problem. Few of the 
growers interviewed seemed to feel pests significantly reduced either yield or 
earnings. 

Avoidance was a major strategy used by organic producers, e.g., they plant 
vegetable crops that suffer relatively few pest problems. Organic growers repeatedly 
indicated that they could not raise tomatoes, particularly in the fall, due to insect pest 
and disease problems. Similarly, bell peppers, another very important Florida 
vegetable crop for conventional producers, accounted for very little of the organic 
acreage. 

We conclude that care should be used in making assumptions about the 
applicability of organic methods to major vegetable crop production systems. 
Comparative studies are needed, in which the same major vegetable crops are grown 
under the same bio-physical conditions. Multi-year studies are needed to measure 
the fluctuations in pests from year to year and scale needs to be included in the 
research agenda. Florida represents a particularly good opportunity for such studies 
because of the sub-tropical climate and associated insect pest and disease management 
problems cited by conventional growers. 

Our results also showed that organic vegetable farms lie outside the major 
vegetable producing regions in Florida. Further, most were geographically isolated 
from other farms producing the same or similar crops. Our review of the literature 
describing research on organic vegetable farms fails to reveal the degree to which the 


6 FLORIDA SCIENTIST [VOL58 


research sites were isolated from agricultural systems producing the same crops. We 
can find no comparative studies in which geographic location was used as a predictive 
variable for the occurrence of diseases and insect pests. 

Much more research is needed in Florida to understand the dynamics of pest 
management under organic production. In order to convince major agribusiness 
farmers to adopt organic pest management strategies, we will need to be able to 
predict pest behavior under a wide range of conditions. Sweet potato whitefly 
provides an example of the potential for disaster in these large, continuous production, 
contiguous cropping systems. Until we can assure growers that control of major pests 
such as this one is possible without the use of synthetic pesticides, the ae for 
adopting organic pest management strategies will be limited. 


Other Production Issues—Our study originally focused almost solely on 
production questions. Our original concerns were with finding environmentally 
sound alternatives to high-input vegetable and citrus production techniques. 
Examination of the production data, as well as discussions with organic producers 
about the problems that they face, raised additional, broader questions regarding the 
sustainability of both conventional and organic alternatives in Florida. 

Organicv egetable production is even more labor intensive than Florida vegetable 
production generally. This is largely due to the need to hand-weed. The labor force 
that would be required to substitute manual control for all herbicides and soil 
fumigants used in Florida would be very high. Labor scarcity is a problem for some 
organic producers, especially securing a sufficient labor force in a timely fashion. 
Conventional production systems depend on a migrant labor force, often immigrants. 
and have had to meet increasingly strict federal regulations regarding employment 
of temporary crews. Cost is another consideration. an of the biggest concerns with 
NAFTA for Florida vegetable producers was its potential for reducing the 
competitiveness of Florida production because of lower wages for agricultural labor 
in Mexico. Citrus, except at harvest, has a lower total labor demand than vegetable, 
again making the organic alternative potentially more attractive in the citrus 
industry. 

Increased management intensity is another potential objection to organic 
management approaches for conventional producers. Current production systems 
in Florida are competitive partly because they produce a large volume, partly 
because they are highly efficient, and because production i is possible during periods 
of the year when the other continental US producing regions are inactive in the 
market. Florida tomato yields, for example, average 1350 cartons (25 pounds per 
carton) per acre in the state’s three major aaa areas, compared to only 880 
cartons per acre in Sinaloa, Mexico. Because of high yields, despite the fact that 
Florida production costs are anywhere from $900 to $2,000 per acre higher than 
those in Sinaloa, per carton production costs are nearly the same (Florida Grower 
and Rancher, 1992). Florida’s efficiency depends on effective management. 
Management time per unit areais reduced by adopting uniform production practices. 
Costs are lowered by reducing the number of skilled managers per production unit. 

Florida’s organic vegetable producers, on the other hand, use very complex 
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management systems, applying a high level of management input per unit of 
production. Production practices are tailored to the requirements of small production 
units, often only a few acres in size. Conventional farms are managed, on the 
contrary, to produce uniform growing conditions. We found, for example, only two 
organic vegetable producers who use plastic mulch. Conventional tomato producers, 

regardless of size, use mulch (Swisher and Bastidas, 1994), which produces a uniform 
environment that reduces nutrient leaching, maintains soil moisture more uniformly, 
and helps prevent weed development. Further, a large number of crops are often 
raised on a single organic farm. There are several reasons for this, but polyculture 
appears to be related to pest management and small farm marketing. Again, 
management costs could increase significantly on large scale production units if they 
attempted to utilize this polyculture approach. 

The fresh vegetable market is a highly competitive one. Profit margins can be 
low, part of the reason why Florida producers are so concerned about the potential 
impact of reducing tariffs on imported vegetables under NAFTA. Organic producers 
simply do not compete in these markets. Rather, they are filling specialty markets 
with higher value and lower demand. Further, organic growers often do not have to 
meet strict grading standards for their products. Our analysis shows that production 
costs are similar for the same vegetable. Conventional and organic systems, for 
example, have nearly the same production costs for bush beans and summer squash. 
If yields were lower in organic systems, on the average, it is clear that Florida could 
not maintain its competitive position in the market relying on organic production 
techniques. 

Wide-scale adoption of organically produced products also implies major 
changes on the part of the US consumer. Consumers today expect a uniform product, 
free of blemishes and with a long shelf life. Organically produced vegetables may not 
meet consumers’ standards. Consumers also expect year-round availability of all 
major vegetable crops. Organic systems depend much more so than conventional 
systems on favorable environmental conditions for their production. Again, tomatoes 
provide an example. Conventional vegetable farmers in Florida can produce a fall 
tomato crop because they use synthetic pesticides to combat pests such as whitefly, 
which develop high population levels during the long, hot, humid Florida summer. 
Organic vegetable farmers simply avoid planting tomatoes in the fall. We conclude 
that changes in consumer preferences would be a major factor determining the 
degree to which organic production could be adopted on a large scale by Florida’s 
vegetable industry. 


Conc.Lusions—Agriculture in Florida has grown into an input intensive, 
multibillion dollar industry but it is facing a challenge from foreign producers, 
competition for water and strict regulation of pesticide and fertilizer use. Some 
would argue that Florida vegetable production is inherently non-sustainable because 
of its high dependence on fossil fuel energy and synthetic inputs. Often, organic 
production is posed as a “sustainable” alternative toinputintensive conventional systems. 

We conclude that the debate over organics as an alternative to current production 
needs to be redefined. It is not a question of either one system or the other. Past 
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research has tended to focus on comparing specific characteristics of organic and 
conventional production systems. However, organic production cannot be posed as 
a replacement for traditional, industrial agriculture without addressing the issues of 
scale of production, the location of services, shipping points, labor and consumer 
demand. Organics have developed to fill a niche, just like tomatoes in the poor soils 
of peninsular Florida. Clearly organic techniques have some promise in specific 
areas such as citrus and “nontraditional crops”, in specific geographic regions of the 
state and for small farms. 

Future research, however, must focus on meso and macro-scale phenomena 
and consider the production system as a component in a the totality of the overall 
agricultural production system. Questions such as the role of geographic isolation, 
avoidance strategies, and other issues should be addressed at these larger scales. 
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Biological Sciences 


REPRODUCTIVE CYCLE AND COLONIZATION ABILITY 
OF THE MEDITERRANEAN GECKO (HEMIDACTYLUS 
TURCICUS) IN SOUTH-CENTRAL FLORIDA 


WALTER E.. MESHAKA, JR. 
Archbold Biological Station, P.O. Box 2057, Lake Placid, Florida 33852 


Apstract: The reproductive cycle of the Mediterranean gecko was studied from one site in south- 
central Florida. Egg laying took place between May and August. Sexual maturity of both sexes was 
possible within the first year at similar body sizes. Sex ratio of the annual sample was 1:1. Comparisons 
with Texas and Louisiana populations revealed great overlap in reproductive cycles despite geographic 
differences. The seasonally restricted reproductive cycle of this species in southern Florida may have 
contributed to a decline in its distribution and abundance as a result of competition with other recently 
established and rapidly dispersing hemidactylines that exhibit greater fecundity. 


HEMIDACTYLUS TURCICUS was first recorded from Florida on Key West, Monroe 
Co. by Fowler (1915) and later by Barbour (1936) in Miami, Dade Co. Like its initial 
introduction, the subsequent dispersal of this species through Florida and parts of 
the south-eastern/south-central United States (Conant and Collins, 1991) has been 
facilitated by humans (Davis, 1974; Wilson and Porras, 1983; Conant and Collins, 
1991). Although H. turcicus was once locally common on Key West and Stock Island 
(Duellman and Schwartz, 1958), Meshaka and co-workers (1994c) reported its 
almost complete replacement by H. mabouia, a more recent invader of southern 
Florida. Similarly, on southern mainland Florida, H. garnotii and H. mabouia occur 
in large numbers and their success may be related to the apparent exclusion of H. 
turcicus (Butterfield et al., 1993; Meshaka, 1994; Meshaka et al., 1994a). Like H. 
garnotii, H. mabouia and the most recent hemidactyline invader of the lower Florida 
Keys, H. frenatus, are capable of continuous reproduction (Meshaka, 1994; Meshaka 
et al., 1994b & c). Populations of H. turcicus studied in Texas (Selcer, 1986) and 
Louisiana (Rose and Barbour, 1968) exhibit a highly seasonal reproductive cycle. 
King (1958) reported the same pattern from a population he observed in north- 
central Florida. The reproductive cycle of H. turcicus from one site in south-central 
Florida was examined in order to further examine geographic differences in its 
reproductive pattern and to compare its fecundity with that of recently introduced 
and rapidly expanding congeners in Florida. 


MeETHODs—From February 1993 to January 1994, one 0.5-hr visit was made each month to the 
same location in Lake Placid, Highlands Co., Florida. The three buildings of this site border the 
southeast corner of Lake Istokpoka on county road 621 and is surrounded on all sides by agricultural 
fields. The cement block and wood buildings were built in the 1950s. Artificial lighting provided a mosaic 
of light intensities including no light at all. Throughout the wet season (May-October), insects abounded 
at this site. 

I collected all geckos possible during two searches around the main packing house and the adjacemt 
bunk house and latrine. Geckos were frozen within 2 hrs of capture, fixed in formalin the next day, and 
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Fic. 1. Seasonal variation in testis length expressed.as a % of the snout-vent length of males of 
Hemidactylus turcicus from south-central Florida from February 1993 to January 1994. 


finally stored in 70% ETOH. Within one week of storage, specimens were dissected for examination of 
gonads. Coiled epididymis and enlarged testes of males and presence of yolking follicles in females 
indicated sexual maturity. Measurements of left testis length of males, diameter of follicles of females, 
and snout-vent length (SVL) were taken to nearest 0.1 mm with use of a vernier calipers. Mean values 
are followed by + 2 standard deviations. All specimens were deposited in the United States National 
Museum (USNM). 


REsuLts—Mean SVL of 75 adult males was 49.1 + 4.29 mm (range = 39.4 - 79.0). 
Testis length exhibited seasonal variation in size (Fig. 1) and was greatest during the 
dry season (November-April). Mean SVL of 66 adult females was 50.7 + 4.29 mm 
(range = 43.3 - 57). Shelled eggs (X= 9.54 + 0.68 mm; range = 8.4-10.6; N= 15) 
occurred in females from May through August (Fig. 2), and counts of follicles > 1.0 
mm revealed that within a season females were capable of laying 1 to 5 clutches (X 
=a.on + 10,98: N= 57). 


Sexual maturity for both sexes could be attained in less than one year (Fig. 3). 
Both sexes achieved sexual maturity at similar body sizes, and mean adult body size 
of both sexes did not differ significantly (P > 0.05) using a t-test. Although more males 
than females were collected, a chi square test indicated that the sex ratio of the total 
sample did not differ (P > 0.05) from 1:1. 
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Fic. 2. Seasonal variation in diameter (mm) of ova in Hemidactylus turcicus from south-central Florida 
from February 1993 to January 1994. Open squares indicate yolked ovarian follicles. Closed squares 
indicate shelled eggs. 


First hatchlings were collected in August (Fig. 3), however, the distribution of 
sizes of immatures from August was suggestive of a hatchling emergence in July, and 
perhaps after the mid June collection. Ninety-six immatures were collected and 
represented 41% of the total sample of geckos taken from this effectively isolated 
site. 


Discussion—The reproductive cycles of both sexes were seasonal in this 
population. Fertility of males, as determined by enlarged testis length, preceded 
ovarian development and was suggestive of spring mating. No gravid females were 
detected after August, and the condition of follicles indicated cessation of egg laying 
in that month. These findings agreed with King’s (1958) observations of seasonal 
reproduction (April-August) in north-central Florida and indicated no variation in 
reproductive season between geographically disparate populations in Texas (Selcer, 
1986) and Louisiana (Rose and Barbour, 1968). 


In Lake Placid, H. turcicus and H. garnotii were in syntopy; however, the age of 
the colonies and relative abundance of both species appeared to be very different 
from one another. A specimen of H. garnotii in the vertebrate collection at Archbold 
Biological Station (ABS 869) was collected from Lake Placid in 1981 and documents 
its presence in Highlands County. Colonization by H. garnotii in lake Placid probably 
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Fic. 3. Snout-vent length (SVL) in mm of males (solid square), females (empty square), and immatures 
(asterisk) from south-central Florida from February 1993 to January 1994. 


took place in the early to mid 1980s (Layne, 1994). Despite recent colonization, H. 
garnotii was very numerous in Lake Placid. During this study I found at least one or 
two and sometimes up to 20. H. garnotii on buildings seemingly everywhere in town. 


Unlike H. garnotii, the presence of H. turcicus in Highlands Co. was unknown 
prior to this study (Wilson and Porras, 1983; Conant and Collins, 1991), but colony 
age for H. turcicus of Lake Placid could be approximated by comparison to other 
records and by the nature of their dispersal. McCoy’s (1971) early record in St. 
Petersburg (Pinellas Co.), records from Tampa (Hillsborough Co.) in the early 1960s 
(Woolfenden, 1994), and King’s (1958) record in Gainesville (Alachua Co.) corrobo- 
rate discontinuous and historical presence of this species in Florida. Broward Co. 
(Wilson and Porras, 1983), St. Lucie Co. (Myers, 1978a), Indian River Co. (Myers, 
1978b), Duval Co. (Meylan, 1977), and St. Johns Co. (Wise, 1993) records all follow 
US-1 along the east coast and likely represent colonies as old as the colonies I 
detected in 1993 which followed US-27 and SR-70 (Records- Glades Co., Moorehaven, 
USNM 2178235: Osceola Co., St. Cloud, USNM 217449-450: Reports- Okeechobee 
Co., Okeechobee; Hendry Co., Clewiston). These records and reports verify the 
scattered and haphazard pattern of colonization often associated with man-assisted 
transport along trucking routes (Davis, 1974; Godley et al., 1981) and suggest 
widespread presence longer than officially recognized. Indeed, much of the present- 
day range of H. turcicus in Florida, including Lake Placid, may have already been 
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established during the early 1960s, a time which coincided with the colonization and 
expansion of H. garnotii through southern Florida (Wilson and Porras, 1983). The 
population of H. turcicus was large at the study site and appeared to be growing, 
however, H. turcicus was nearly absent at the only other three buildings in Lake 
Placid where it was found. 


The virtual replacement of the once ubiquitous H. turcicus on the Lower 
Florida Keys by H. mabouia (Meshaka et al, 1994c), in southern mainland Florida 
by H. garnotii and H. mabouia (Meshaka et al., 1994a), and in Clearwater, Florida 
(Lewis, 1994) by H. garnotii may have been hastened by the greater fecundity of both 
species (Meshaka, 1994; Meshaka et al., 1994b). Like H. garnotii of extreme 
southern Florida (Meshaka, 1994), H. garnotii observed and collected in Lake Placid 
during this study exhibited continuous reproduction. If competition is playing arole 
in species replacement of exotic hemidactylines in southern Florida,.the same 
phenomenon may be at work in south- central Florida where H. turcicus lacked the 
high fecundity and reproductive versatility of other recently colonizing and rapidly 
expanding congeners. 
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Biological Sciences 


AN ANALYSIS OF FEEDING IN THE OAK TOAD, BUFO 
QUERCICUS (HOLBROOK), (ANURA : BUFONIDAE) 


FRED PUNZO 


Department of Biology, University of Tampa, 401 W. Kennedy Blvd., 
Tampa Florida 33606 -1490, USA 


Asstract: Although Bufo quercicus is a generalized predator that accepts a wide variety of insects 
and spiders, it exhibits a preference for certain prey types. In adult toads, 69.8 - 84.0 % of the stomachs 
examined contained ants, depending on the season, followed by spiders (54.2 - 56.1 %), termites (24.6 
- 26.5 %) and carabid beetles (24.6 - 36.1 %). The diet of juveniles is dominated by collembolans (87.3 
- 91.3 %), ants (87.0 - 92.5 %), spiders (44.3 - 49.3 %) and mites (22.2 - 25.3 %). Mites and collembolans 
were absent from the stomachs of adults. Soft-bodied prey (crickets and spiders) are digested in 60 - 72 
hr following ingestion at 25°C, whereas it takes 96 hr for the digestion of more heavily chitinized insects. 


THE oak toad, Bufo quercicus (Holbrook), occurs throughout the southeastern 
United States and prefers cypress bogs and upland habitats including xeric hammocks 
and sand pine scrub (Ashton and Ashton, 988). However, little detailed information 
is available on the ecology of this species. Previous studies include general observations 
on food habits (Crosby and Bishop, 1925 ; Duellman and Schwartz, 1958), habitat 
selection (Hamilton, 1955 ; Dalrymple, 1990), breeding season (Duellman and 
Schwartz, 1958) and development (Hamilton, 1955 ; Lee, 1986). In view of the 
paucity of information regarding the feeding preferences of this species coupled with 
the fact that little is known about the status of oak toad populations in Florida, the 
present study was conducted in order to gain more detailed information on the 
feeding ecology of B. quercicus froma hardwood forest (hammock) habitat. Hammocks 
occur throughout Florida and have been significantly impacted by human 
encroachment (Platt and Schwartz, 1990). I investigated the following parameters: 
(1) seasonal diets as reflected by stomach content analysis; and (2) the time required 
for digestion of various prey items. 


MATERIALS AND METHODs—Animals were collected between April and October, 1992. The study 
area was located along the Aucilla River, 6.5 km east of Dills, Florida (Madison County). A detailed 
description of the geology and vegetation of this hammock is given by Platt and Schwartz (1990). 
Hammock forests are characterized by an array of understory and overstory species of trees with 
scattered herbaceous vegetation. The dominant overstory trees in the study area include Quercus 
falcata, Q. hemispaerica, Pinus glabra, P. taeda, and Carya tomentosa while dominant understory 
vegetation includes Cornus florida, Ostrya virginiana, Aralia spinosa, Acer rubrum and Carpinus 
caroliniana. 

A randomized block design (Krebs. 1989) was used to identify twenty 10 x 10 m quadrats. Toads 
were collected at drift fences and pitfall traps (Punzo, 1974, 1992) and on foot at night using head lamps 
(Punzo, 1990). Drift fences were constructed with 50 cm high aluminum flashing. Within each quadrat, 
drift fences were placed along parallel sides with pitfall traps (50 liter plastic buckets) on opposite sides 
of the fence at 2 - m intervals. Traps were placed in the ground with the lip of the bucket flush with the 
ground surface. Time, place of capture, snout - vent length (SVL), and sex were recorded for each animal. 
Sex determination was based on the presence of secondary sex, characteristics associated with the male 
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such as nuptial excrescence’s and darker throat coloration patterns. Pitfall traps were checked at two - 
hr intervals throughout the day. 

Stomach contents were obtained from anaesthetized toads within 5 - 8 hr after capture utilizing the 
stomach - flushing technique described in detail by Legler and Sullivan (1979). Data from stomach 
contents were recorded for adults (SVL : 24 - 33 mm) and juveniles (SVL: 11 - 14 mm) (Table 1). Since 
itis known that many Florida insects exhibit distinct seasonal activity patterns that peak before or shortly 
after the latter part of June (Deyrup, 1990), prey items were listed separately for spring (April 2 - June 
20) and summer (June 21 - Sept. 15) months. Toads were held by hand and their mouths were gently 
opened with a plastic probe. Plastic coupling rings (6 - 10 mm diameter) kept the mouth opened at a 
maximum gape during the procedure. A Teflon intravenous catheter (Abbott Laboratories, Chicago, 
Illinois) was attached to a disposable plastic syringe (1 - 10 em’) equipped with a compression spring 
mechanism which automatically refills the syringe to 70% capacity after the plunger is depressed. With 
the mouth opened, the flushing canula was passed through the ring into the esophagus and stomach 
where it eventually rested against the pyloric region. Once in place, water from the syringe was gently 
pumped into the stomach with sufficient force to flush out the food material. The emergent food bolus 
was quickly removed with forceps to prevent any obstruction of the pharyngeal region. The stomach 
contents for each toad were placed in individual glass vials containing 80% ethanol for later identification. 
Prey items were identified to Order or Family depending on the degree of digestion. The information 
obtained for stomach contents in this study represents data from different individuals (no recaptures). 
The length (a) and width (b) of each prey item was measured to the nearest 0.01 mm (excluding legs and 
antennae) and the volume was determined according to the volume (V) of a prolate spheroid (Dunham, 
1983) : V = 4/3 (a/2) (b/2)?. Levins’ measure of standardized niche breadth (BA) was calculated from 
data based on the size category of prey (percent volume) as described by Krebs (1989). Values can range 
from 0 (prey species in only one resource category) to 1.0 (prey species represented equally in all 
resource categories). 

Digestion rates were determined for captive adult female toads according to the method of Corse 
and Metter (1980). Ninety toads were divided equally into three experimental groups (N = 30 per prey 
group); each group was fed on one of three different prey species: adult cricket (C), Acheta domestica 
(body weight: 0.5 + 0.02 g); wolf spider (S), Lycosa lenta (0.3 + 0.04 g); grasshopper (G), Schistocerca 
americana (2.1 + 0.31 g). All prey species occur at the sites where B. quercicus was collected. Toads were 
placed individually in 3 - liter aquaria provided with moist paper towels as a substrate. 

All digestion experiments were conducted at 25° + 1°C in a Percival Model 80 environmental 
chamber (Boone, Iowa). This temperature was chosen based on body temperatures exhibited by toads 
when collected in the field. Toads were deprived of food for five days prior to testing in order to ensure 
clearing of the gut. Each toad was allowed to feed on the appropriate prey item (one prey item per toad). 
Toads were randomly sacrificed at specific intervals (12, 24, 36, 48, 60, 72, 84 or 96 hr) and their stomach 
contents removed and weighed to the nearest 0.01 g (wet weight) on a Mettler electronic analytical 
balance. These weights were compared to the weight of the prey item before ingestion and expressed 
as percent digestion (Corse and Metter, 1980). 


RESULTS AND DiIscussIoN—The prey items found in the stomachs of B. quercicus 
adults and juveniles are listed (Table 1). There was no significant difference between 
the diets of adult males and females (ANOVA, F = 1.7, p > 0.52). The most abundant 
prey taken by adults as indicated by percent frequency of occurrence included ants 
(69.8 - 84.0 %), spiders (54.2 - 56.1 %), carabid beetles (24.6 - 36.1 %), and termites 
(24.6 - 26.5 %), depending on the season. Mites and collembolans were not found 
in any of the adult stomachs. However, these taxa were well represented in the diet 
of juvenile toads : collembolans (87.3 - 91.3 %); mites (22.2 - 25.3 %). This suggests 
that adults ignore prey items that are below a certain minimum size. I have found 
similar results in the diets of the spadefoot toads (Scaphiopus couchi, S. holbrooki, 
and Spea multiplicata (Punzo, 1991, 1992) , the southern toad Bufo terrestris (Punzo, 
1992) as well as the teiid lizard Cnemidophorus sexlineatus (Punzo, 1990). Juvenile 
toads also feed extensively on spiders (44.3 - 49.3 %), ants (87.3 - 92.5 %), and 
termites (76.5 - 80.9 %). Although the results indicate that a wide variety of prey are 
taken by both juveniles and adults, Levins’ measure of standardized niche breadth 
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TABLE 1.— Stomach content analysis for Bufo quercicus. Data represent different individuals 
(no recaptures). The results are expressed as number of prey (N), frequency (F, percent of toad 
stomachs containing a particular prey item), and percent volume (V). There were no significant 
differences in dietary composition between sexes. 


Adults (SVL : 24 - 33 mm) Juveniles (SVL: 11 - 14 mm) 
Spring’ (N=94) Summer(N=73) Spring (N=81) Summer (N = 63) 


Prey taxon* N EF V N F V N EF We N eee. 
Annelida I, WAST 6 3 A RSS Rt foe aD) 24 14 £490 OO 
Acarina 0 0 0 0 0 O¢ Sle 2 258 rAomels 2209 
Araneae pe GL OB 56.1 12.1 (47 _ “493 Ss hONiee Ss 44.3 9.4 
Insecta 

Coleopter 


Carabidae (A) 39 SOM LO sea 24.6 117 0 0 0 3 et Ord 
Scarabaeidae (A) 7 TAP 22 4 OA So e@ 0 0 0 Ret 10 
Tenebrionidae (A) 4 4.2, 10:3 0 0 0 0 0 0 0 OnE 20 
Unidentified (A) 36 SUAS Sis) Pi 30:1. 12.3...16 17.2) 4.8) ig ee Sees.4 
Collembola (A) 0 0 0 0 0 0 94 — 91.3, I4.3) oO ee Sies shil=7 
b) 


Diptera (A) Tl DO 0.3 4] 0.2 14 JAS es fe) ie 9 
Heteroptera(A,N) 9 te! iD 4 5.4 ali 0 0) 0 0 0 0 
Hymenoptera 


Formicidae (A)101 840 134 81 69:8) 11:3 117 925) Uae SPs 17.5 
Isoptera (A) 38 26:9) 16.30 y24 246 4.2 74, 16:5, 68am 80.9 13.7 
Lepidoptera (A) 9 9.5 or LSGr US 0 0 = 6.3 0.3 


(QL) Se, 2a: 6 82.19 21 2098 Grain, DOs 1.0 
Orthoptera 
Acrididae (A, N) 9 9.5 2.4 4 SA RF Eb 6:lin: KOR eS 4.7 0.5 
Romalidae (A, N) 0 0 0 S) Sie Oe 0 0 0 2 Sor OSD 
Tettigoniidae (A) 5 3.3 0.5 3 All ee O aan 8.6) a 0 0 
Unidentified(A,N) 14. 12.7 5.6 9 IDS ody 163 oT | GiGi Aas TA ies et 
Unidentified 
arthropod fragments 71 63:55 B20 ea 7, 03.4 26.9 31 33.3 18:3 42 49.2 26.9 
Plant material 24 25.0 14 19:1 ae, 20.9 27 42.8 


A Prey categories : A (adult) ,“N (nymph) , L (larva) 


B Spring (April 2 - June 20); Summer (June 21 - Sept. 15) 
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TABLE 2.—The relationship between amount of time after feeding and percent digestion in Bufo 
quercicus (SVL : 25 - 32 mm ) for several prey species: C = adult cricket, Acheta domestica; S = wolf 


spider, Lycosa lenta; G = adult grasshopper, Schistocerca americana. Prey weights (g) are means + 


S.D. 


Percent digested ( % ) 


Time after 


digestion ©; S G 

(hr ) (0.5 + 0.02 g) (0.3 + 0.04 g) (2.1+ 0.5 ¢) 
12 16.3 DNAS) 13.5 

24 24.7 33.8 AD. 7 

36 SUD 70.2 Sle 

48 61.3 82.5 45.3 

60 86.4 96.1 61.4 

Tp Oiell 72.6 

84 84.3 

96 94.5 


yielded the following values : adults (BA = 0.4784 for summer months; 0. 4258, 
spring); juveniles (0.3864 and 0.3672, respectively). These values reflect the fact that 
several prey species are eaten in much higher numbers than others (Table 1). 
Arthropods with well-known chemical defenses and aggressive behavior such as 
blister beetles (Meloidae) and velvet ants (Mutillidae), commonly found in the study 
area (personal observation), were not found in any of the stomachs. 


Digestion rates for various prey species are shown in Table 2. A Kruskal - Wallis 
test (Sokal and Rohlf, 1981) showed a significant difference in the rate of digestion 
between the more heavily chitinized grasshopper and the softer-bodied crickets (H 
= 11.2, p < 0.01) and spiders (H = 16.3 , p < 0.01). This may explain why acridid 
grasshoppers are found in low numbers in the diets of juveniles and adults (Table 1). 


Toft (1985) suggested that the prey of many anurans can be divided into two 
main categories: (1) ants and other slow-moving, chitinous arthropods, and (2) all 
other types. Ants have been shown to constitute a significant proportion of the diet 
in bufonids, dendrobatids and other anurans (Toft, 1980 ; Duellman and Trueb, 
1986) and were found to be an important component of the diet of B. quercicus in 
this study ( 69.8 - 92.5 % of the stomachs contained ants ). However, the overall diet 
of B. quercicus is more varied than those reported for many tropical anurans (Toft, 
1985). The diet of B. quercicus is similar to that reported for B. terrestris and S. 
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holbrooki from another area of Florida (Punzo, 1992). Since both of these species can 
be sympatric and/or syntopic with B. quercicus, future studies should assess the 
degree (if any) of competition and resource partitioning between these and other 
anurans . 
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Apstract: Circulating indoor air of 730 residential homes within the southeastern Florida region was 
examined over a three year period (1980-1992) for the presence of culturable airborne fungal propagules. 
Investigations involved the exposure of 2.5% malt extract agar to ventilation air streams emanating from 
HVAC (heating-air conditioning-ventilation) units. Cladosporium spp. (72%), Penicillium spp. (45%), 
and yeast spp. (38%) were the most common taxa identified during this study period. Some 54% of the 
homes investigated had fungal isolates that remained unidentifiable (sterile hyphae), and 8% of the 
homes sampled were negative for fungi. 


MicrosiAL contamination of indoor air has recently gained considerable attention 
as a possible cause of indoor air related illness or symptoms within home or work 
environment (Tobinetal., 1987; Moreyetal., 1990; Miller, 1992). Energy conservation 
measures introduced during the early 1970s in the United States and other countries 
have resulted in the construction of numerous “energy efficient” homes and 
commercial buildings, which are effectively isolated from the outdoor environment. 
Subsequently, many indoor habitats have severely reduced rates of fresh air exchange, 
which can result in the accumulation and proliferation of microorganisms (bacteria, 
fungi) and associated metabolites (endotoxins, mycotoxins) within circulating indoor 
air. Several investigators have sought to characterize airborne microbial communities 
of indoor air from both commercial and domestic environments (Gravesen, 1978; 
Hunter et al., 1988; Miller et al., 1988; Tarlo et al., 1988; Kuehn et al., 1992; Garrison 
et al. 1993). Since many individuals spend a majority of their existence indoors, the 
examination of the fungal community associated with indoor air may provide 
information on the population dynamics of indoor fungal contaminants from differing 
geographic localities, and thus contribute to our understanding of possible causative 
agents involved in hypersensitive reactions. This study was conducted to identify the 
prevalent culturable airborne fungal propagules from indoor air of residential 
environments within the southeastern Florida region using a forced air ventilation 
exposure technique. 


Metuops—730 homes were examined for the presence of airborne fungi over a three year 
period(1990-1992). Isolation of fungal propagules involved the exposure of culture plates containing 
2.5% malt extract agar. A single plate exposure methodology was used, with the exception of only a few 
homes in which additional plates were utilized. A total 771 culture plates were examined. Culture plates 
were heat sealed to ensure sterility prior to transport to testing areas. 
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Culture plates were exposed to ventilation air streams emitting from HVAC (heating, ventilation 
and air conditioning) units within each home as described in Garrison and co-workers, (1993). HVAC 
units were turned off prior to sampling exposures. Access panels to units were removed, along with 
associated filters, to allow visual inspection of evaporative coils and plenum areas for fungal growth. 
Evaporative coils, plenum, and associated filters were tapped to dislodge any attached material prior to 
refitting of the access panels. The culture plate(s) were removed from sealed packaging and positioned 
at a 90° angle to emitting air flow. Units were manually turned on and operated continuously for 10 min, 
after which culture plates were removed and resealed for transport. Cultures were returned to the 
laboratory and incubated at ambient temperatures (22-25°C) and (12h:12h) normal light:dark cycles. 
Cultures were examined 5-7 days after exposure and sporulating fungi identified by standard microscopic 
techniques. Further examination of cultures was conducted over a 5-wk period for identification of 
slower sporulating species. 
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Fic. 1. Percentage frequency of fungal taxa indentified from exposed culture plates. 
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RESULTs AND Discussion—The composition of fungi identified from exposed 
cultures encompassed the Deuteromycotina, Zygomycotina, Ascomycotina and 
Basidiomycotina (Fig. 1). The predominant fungi identified during this study 
comprise common fungal taxa, particularly hyphomycetes. The dominance of such 
fungal taxa, particularly Cladosporium and Penicillium is not uncommon as com- 
pared to other indoor studies (Gravesen, 1978; Hunter et al., 1988; Miller et al.,1988; 
Kuehn et al., 1992). Deuteromycete genera include well known soil and plant 
inhabiting species,and are often the most common mycoflora in aerobiological 
samples (Gregory, 1973). Penicillium species, in particular, is often one of the 
prevalent fungal organisms encountered from indoor air (Miller, 1992). 


The more frequent isolation of Penicillium species from exposed cultures is of 
interest in that “smaller” conidial species are less likely to be recovered by simple 
gravity plate exposure versus volumetric sampling (Burge and Solomon, 1987). The 
frequent isolation of Penicillium spp. from exposed culture plates in this study may 
indicate that conidial spores occur in airborne concentrations great enough to be 
successfully recovered within the homes investigated, or that the forced air ventila- 
tion techniques utilized in this study provide more favorable conditions for collection 
by maximizing entrapment of airborne fungal propagules on agar surfaces. 


The high percentage of unidentifiable (or sterile) fungal colonies obtained in 
this and other studies (Gravesen, 1978; Kuehn et al., 1992) represents a tremendous 
problem in identifying potential fungal allergens. Such isolates expressed no distin- 
guishing morphological structures under the culture conditions employed, and thus 
remain unidentifiable. Although the media utilized in this study is the accepted 
medium for fungal isolation and characterization (ACGIH, 1989), it is likely that 
such media lacks specific nutrient requirements for growth and or sporulation in 
these fungal isolates (e.g 54% of the isolates remained sterile). Additionally, these 
isolates may well represent potential indoor allergens. 


The condition of the indoor environment in terms of temperature, humidity 
(moisture) and utilizable substrates will determine the occurrence of fungi within 
the home and the severity of proliferation. The examination of indoor fungal 
propagules may provide useful information in determining the predominant fungi of 
certain geographic regions. In addition, such investigations may increase the scope 
of potential causal factors regarding hypersensitive reactions expressed among 
individuals within home environments, as patients can often be skin tested using 
antigens of fungi isolated from their homes (Tarlo et al, 1988). Culture plate analysis 
of indoor air and associated HVAC systems may therefore yield some useful 
information regarding indoor fungal bioaerosols. 
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Asstract— Paired ovaries, collected from 51, 21'” year-old white-tailed deer (Odocoileus virginianus) 
in the upper Everglades system of south Florida during 1978-80, were examined by serial histology; the 
sample represented =2 paired ovaries from each calendar month, except December. Breeding occurred 
between 21 July and 11 October (mean = 10 August); parturition occurred between 1 February and 29 
April (mean = 26 February). A corpus albicans of pregnancy was identified in 52 ovaries from 38 deer. 
The maximum diameter of corpora albicantia of pregnancy was approximately 4mm among females <1- 
month postpartum, but had regressed to <2mm by the onset of the breeding season in late July (5 months 
postpartum) and to <1 mm by the onset of the hunting season in mid-November (9 months postpartum). 
Corpora albicantia of pregnancy <1 mm diameter were inseparable from both corpora albicantia of 
pregnancy of the previous year and corpora lutea of estrus. Use of corpora albicantia of pregnancy to 
estimate productivity of white-tailed deer in subtropical Florida is restricted to a postpartum period of 
approximately 4 months, which (1) precludes the option for obtaining 2 years of productivity data from 
the paired ovaries of a given deer, and (2) limits the assessment of productivity to be derived from ovaries 
of hunter-collected females in autumn to those animals harvested within 4 months of parturition 


Probuctivity data provide important information for the management for deer 
populations. Fetal counts can be used to obtain productivity data from pregnant 
females, whereas other techniques must be used to determine productivity from 
females that are not pregnant. Cheatum (1949), who examined ovaries of pregnant 
white-tailed deer macroscopically, reported being able to distinguish between the 
corpus luteum of pregnancy from the breeding season of collection and the corpus 
albicans of pregnancy from the preceding breeding season, thereby facilitating the 
obtainment of productivity data for 2 breeding seasons from the ovaries of a single 
pregnant female. Similarly, Brokx (1972) reported that scars of the penultimate 
pregnancy in the Venezuelan white-tailed deer (O. v. gymnotis) remained recogniz- 
able for 8-18 months. However, productivity data similarly derived from the 
macroscopic interpretation of ovaries from black-tailed deer (O. hemionus) 
(Golley,1957), andthe conspecific red deer (Douglas, 1966) and North American elk 
(Cervus elaphus) (Morrison, 1960) often were invalid. In addition to true corpora 
lutea, accessory corpora lutea, i.e., unovulated luteinized follicles and other lutein- 
ized structures, have been identified in white-tailed deer (Mansell, 1971: Brokx, 
1972), and red deer (Douglas, 1966) / North American elk (Halazon and Buechner, 
1956). 

Size criteria have been used to separate accessory corpora lutea and other 
luteinized structures from true corpora lutea/albicantia of pregnancy in white-tailed 
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deer (Teer et al., 1965; Trauger and Haugen, 1965). Gibson (1957) reported 
histologic procedures for differentiating between the corpus albicans resulting from 
the corpus luteum of estrus and from the corpus luteum of pregnancy in white-tailed 
deer. The first ovulation of each breeding season in white-tailed deer (Harder and 
Moorhead, 1980) and black-tailed deer (Thomas and Cowan, 1975) appears to be 
associated with a “silent” estrus, i.e., no estrous behavior is exhibited by the female. 
The next ovulation occurs about 14 days later, which reflects an interovulatory 
interval of about half that of a normal estrous cycle. Females first express estrous 
behavior in conjunction with the second ovulation of the season. Although the corpus 
luteum from the silent estrus regresses quickly in size (Thomas and Cowan, 1975), 
the regression rate of the corpus luteum of pregnancy is poorly documented 
(Richter, 1981). Determination of the rate at which the corpus albicans of pregnancy 
regresses would document the length of time within which the structures are 
macroscopically identifiable, and, thereby, useful for estimating productivity of non- 
pregnant, postpartum does. Accordingly, the objective of this study was to determine 
histologically the postpartum rate of regression of the corpus albicans of pregnancy 
in white-tailed deer. 


Stupy AREA—Rotenberger Wildlife Management Area (WMA), an 11,400-ha 
tract in south Florida (26° 30' N; 81° 05' W), was a part of the Everglades ecosystem 
prior to drainage for agriculture, which began in the late 1890s. Although water levels 
in this region of low relief are now controlled by canals and structures, there is still 
a marked wet regime in summer and a dry regime in winter. Most of the annual 
rainfall (mean: 134 cm) occurs during summer; in autumn, the region begins to dry 
as the water drains slowly southward. The southern portion of the study tract is still 
primarily a sawgrass (Cladium jamaicensis )/hardwood tree island community, but 
the northern portion, which is now drier than during predrainage years, has been 
invaded by secondary successional vegetation—herbs and shrubs. Estimated deer 
density on the Rotenberger WMA was approximately 7 deer/km’ in the late 1970s 
(Breault, 1981). The study site was subjected to a 2-month hunting season, beginning 
in mid-November annually; hunting was restricted principally to males-only, although 
limited antlerless hunts were permitted. 


MeETHops—Fifty-one paired ovaries from 11/,- to 4'/, - year-old deer were collected from 
Rotenberger WMA between 1978 and 1980, and examined histologically. The sample consisted of >2 
paired ovaries for each calendar-year month except December; the monthly samples, generally collected 
on the same day of the month, were spaced at 30-day intervals. Deer age was determined by tooth 
replacement and wear (Severinghaus, 1949). Ovaries were fixed in formalin, embedded in. paraffin 
blocks and sectioned at a thickness of 10 microns. Every 10th section was mounted and stained with 
Masson’s Trichrome (Luna, 1968). 

Breeding at Rotenberger WMA, estimated by ageing fetuses (Short, 1970), occurred between 21 
July and 11 October (median = 8 August; mean = 10 August, SD = 16 days; n = 48) (Richter, 1981; Richter 
and Labisky, 1985); fawning, using a 200-day gestation period (Cheatum and Morton, 1946; Haugen and 
Davenport, 1950; Haugen, 1959), subsequently occurred between 1 February and 29 April (mean = 26 
February). Corroboratively, Boulay (1992) reported a median fawning date of 22 February for a nearby 
study site in the Big Cypress National Preserve/Everglades National Park (25° 40' N., 81°15' W.). 

Microscopic histologic examination involved the ovarian corpora complex. The maximum diam- 
eter of ovarian structures was measured with an ocular micrometer under appropriate magnification 
(10x, 20x, 40x or 100x). No distinction was made between atretic and developing follicles. A corpus 
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luteum of the estrous cycle (CLE), which regresses prior to a subsequent ovulation in the absence of 
conception, becomes a corpus albicans of the estrous cycle (CAE). If conception and implantation occur, 
the CLE persists as the corpus luteum of pregnancy (CLP), which regresses after parturition and is then 
termeda corpus albicans of pregnancy (CAP). Corpora albicantia were differentiated from corpora lutea 
by their staining properties. Although both structures have a luteal cell matrix that stains red with 
Masson’s Trichrome, corpora albicantia are surrounded by and infiltrated with connective tissue that 
stains blue with Masson’s Trichome. CAE and CAP were distinguishable because CAE lack the 
numerous thick-walled blood vessels that characterize CAP (Gibson, 1957). Luteinized ovarian struc- 
tures were more difficult to differentiate. Technically, true corpora lutea are formed through the 
luteinization of follicles that have released an ovum during ovulation; secondary corpora lutea are formed 
from follicles that ovulate and luteinize during pregnancy; and accessory corpora lutea are unovulated, 
luteinized follicles with an entrapped ovum (Haneeon and Weir, 1977). Some ovaries from pregnant deer 
contained small corpora lutea-type structures in excess of the number of fetuses; these structures, in the 
absence of a retained ovum, were called “luteal bodies”. 

Data were analyzed using Statistical Analysis System (SAS) procedures. Mean diameters of ovarian 
structures were expressed as the mean of the maximal sectioned length and width, and used as the 
dependent variable in the linear regression analysis (Steel and Torrie, 1980). 


REsuLTs—An average of approximately 70 histological sections from each of the 
paired ovaries from 51 females, 1'/, to 4'/, years in age, was examined and inter- 
preted. Forty-five of the 51 females (88%) showed overt signs of reproductive 
activity, i.e., lactation (n = 24), pregnancy (n = 14), or substantial asymmetry of the 
uterine horns (n = 7), and contained structurally distinct corpora lutea or corpora 
albicantia in their ovaries. The 6 females that exhibited no overt signs of reproductive 
activity were younger does, either 1'/,- or 2'/, -years old. However, histological 
examination of the ovaries revealed that 4 of the 6 females actually were reproduc- 
tively active—2 exhibited corpora lutea (attributable to coincident rut) and 2 
exhibited CAE (1 of these, a 1'/,-year-old, had 6 CAE); the remaining 2 females 
exhibited only follicles. Thus, 49 (96%) of the 51 deer in the sample exhibited 
reproductive activity, which was similar to the 92% pregnancy rate reported for 
females >1 year of age in Florida (Richter, 1981). 


Fifty-two CAP were found in the ovaries of 38 of the 49 reproductively active 
females. CAP were largest, about 4 mm in diameter, immediately after the mean date 
of parturition. CAP regressed progressively thereafter, declining to measured 
diameters of about 2 and 1 mm at 4 and 9 months postpartum, respectively (Fig. 1). 
Fight of the 13 females that did not possess CAP, but were pregnant, were collected 
>8 months post-fawning (October-February); in these females, CAP from previous 
pregnancies had regressed to such an extent that they were no longer distinguishable 
from the ovarian stroma. Three of the 13 females (2- to 3-years old) that did not 
possess CAP were collected in May and June, a time when CAP should have been 
>1-mm in diameter; it is probable that these 3 females may not have bred the 
previous season. Similarly, 1 female collected in August and 1 in September did not 
exhibit CAP in their ovaries; these females either were barren the previous season 
or their CAP had already regressed to an indistinguishable size. 


Discussion—This histological analysis of ovarian structures measured the 
postpartum longevity of CAP to access the validity of using CAP counts for 
determining past productivity of white-tailed deer. Cheatum (1949) reported that 
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Fic. 1. Postpartum regression of 52 corpora albicantia of pregnancy (CAP) from the ovaries of 38 
female white-tailed deer, 1'/, to 4'/, years in age, Rotenberger Wildlife Management Area, Florida. The 
number of months postpartum is based on the mean date of fawning (26 February) for the Rotenberger 
population (Richter and Labisky, 1985). 


CAP , but not CAE, were pigmented; in contrast, Brolkx (1972) reported that both 
structures were pigmented. Golley (1957), citing evidence from the ovaries of an 18 
year-old black-tailed deer that presumably had never been bred, reported that other 
ovarian corpora-structures, in addition to CAP, exhibited pigmentation. Therefore, 
the presence of or absence of pigmentation appears to be a questionable procedure 
for differentiating between CAP and CAE macroscopically. 


Productivity determined from counts of pigmented ovarian structures was 18% 
and 19% greater in black-tailed deer (Golley, 1957) and white-tailed deer (Teer et 
al., 1965), respectively, than that determined from fetal counts. Elevated CAP 
counts could result from the death and subsequent resorption of 1 fetus from a litter 
of 2 fetuses. Although rates of embryonic resorption in white-tailed deer are poorly 
documented, the frequency of dead fetuses in twin and triplet litters in New York 
herds was found to be low, 2% and 5%, respectively (Hesselton and Jackson, 1971). 
Depressed CAP counts could be a product of polyovulation and/or identical twins, 
i.e., 1 follicle would produce 2 ova (fetuses) but result in a single CAP. However, the 
frequency of polyovulation or identical twins among deer herds also is low, 0.05% in 
New York (Hesselton and Jackson, 1971) and 2.5% in Texas (Teer et al., 1965). 
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Nonetheless, the rate of productivity determined from histological counts of CAP in 
ovaries of the 38 females from Rotenberger WMA was 1.37 CAP per female, which 
was in relatively close agreement with the concurrently derived rate of 1.26 fetuses 
per pregnant female (Richter and Labisky, 1985). 


Numerous studies have reported the presence of more corpora lutea in ovaries 
than fetuses in the uteri of pregnant females (Hesselton et al., 1965; Teer et al., 1965; 
Trauger and Haugen, 1965; Hesselton and Jackson, 1974; Mansell, 1971; Haugen, 
1975; Jacobson et al., 1980; Richter, 1981). These additional luteal structures, which 
are generally smaller than CLP, also will form corpora albicantia during the 
postpartum period. The postpartum regression rate of these additional corpora 
albicantia is not known, but is assumed to be similar to that of CAP. However, there 
is no known way of separating between these structures and CAP resulting from true 
CLP; thus, in this analysis they were all grouped as CAP. 


CAP decrease in size from about 4 mm in diameter at parturition to about 1 mm 
in diameter between 6 end 9 months postpartum, after which time they decrease only 
slightly before becoming indistinguishable (Gibson, 1957; Mansell, 1971; This 
Study). The variability in regression rates of CAP suggest that some may blend into 
the ovarian stroma sooner than others (Gibson, 1957; This Study). Also, CAE seem 
to regress more quickly in size than do CAP. CAE in the ovaries of 3 females, which 
were bred successfully during their second estrus period, had regressed to <2 mm 
in diameter after 2 months post-parturition; these CAE, very likely, were a product 
of the “silent” heat. At parturition, following a 200-day gestation period, CAE have 
regressed to <1 mm in diameter; in contrast, CAP are approximately 4 mm in 
diameter. Some of the smaller CAE persist throughout the postpartum period 
(Golley, 1957) before disappearing into the ovarian stroma; thus, the best way to 
distinguish CAP from CAE would be to count CAP before they have regressed to <1 
mm in diameter. Thus, the appropriate time to count verifiable CAP is within the first 
4 months after parturition, a time when CAP are >2 mm in diameter and can be 
readily separated from the smaller CAE and/or the smaller CAP that are older than 
12 months (previous pregnancy). 


In summary, use of CAP to estimate productivity in white-tailed deer in 
subtropical Florida is restricted principally to a postpartum period of approximately 
4 months, which (1) precludes the option for obtaining 2 years of productivity data 
from the paired ovaries of a given deer, and (2) limits the assessment of productivity 
derived from ovaries of hunter-killed females to those harvested within 4 months of 
fawning. 
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University of South Florida, Tampa, Florida 33620 


Asstract: Metal complexes having a chiral carbon center can precisely discriminate between 
enantiotropic atoms, groups, or faces in achiral molecules and catalyze production of a broad array of 
natural and synthetic substances of excellent enantiomeric purity. This work describes attempts to use 
as catalysts metal complexes of the type M[RCOCHC(NR")R']:, which have overall chirality and which 
can be resolved. Nickel(II) and copper(II) compounds were studied. The former, when resolved, have 
smaller racemization rates, but they did not catalyze the reaction of interest at reasonable yields. The 
copper(II) compounds catalyzed the desired reaction, but the enantiomeric purity was poor, presumably 
because of the rate of racemization of the chiral catalyst. 


FLORIDIANS generally are not aware of chiral syntheses, though they may find the 
products useful (Borman, 1990; Chan, 1993; Stinson, 1994). A chiral synthesis is one 
which produces a good yield of one enantiomeric isomer. The isomer obtained is 
significant because physiological properties can differ significantly, and some examples 
are listed (Fig. 1). One form of a certain compound is called aspartame and is a 
sweetener, whereas its isomer is bitter. The R-isomer of thalidomide is a sedative and 
a hypnotic, whereas the S-isomer is a potent teratogen. Thus synthesizing only the 
correct enantiomer would have saved misery. Economics can be involved, as in the 
extreme case when one form is active (S-ibuprofen, apain relieverin Motrin, N uprin, 
and Advil) and the other (R-isomer) is inactive. By synthesizing the desired isomer 
instead of the normal 50%-50% mixture, one can get more “bang for the buck.” [In 
the last example, the R-isomer is converted to the S-isomer in the body. ] 

The first metal-catalyzed asymmetric reaction of prochiral compounds was 
reportedly achieved in 1966 (Noyori, 1990, Lowenthal et al., 1990). A chiral Schiff 
base-copper(II) compound, bis-[N- (+)-a-phenylethylsalicylaldimato) |copper(ID) 
(Fig 2, compound 1), was found to catalyze the enantioselective carbenoid reaction 
between styrene and ethyl diazoacetate to give cis- and trans-2-phenylcyclo- 
propanecarboxylates (Fig 2, compound 2), in less than 10 % enantiomeric excess (ee) 
(Noyori, 1990). 

Subsequently, chiral cyclopropanation was achieved using bisoxazoline and 
copper(I) derivatives (Lowenthal et al., 1990, Lowenthal and Masamune, 1991; 
Evans et al., 1991, 1992; Maller et al., 1991) with quantitative selectivity (Evans et 
al., 1991). 

The preparative value of modified carbenes produced by copper-catalyzed 
decomposition of diazoalkanes is due to their highly discriminative reactivity (Nozaki 
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Fig. 1. Comparison of the physiological properties of selected optical isomers (after Chan, 1993) 
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Fic. 2. Structures of compounds considered. Compound 1, Bis-[N-(-)-a phenylethyl- 


salicylaldiminato|copper(ID); compound 2, . cis- and trans-2-phenylcyclopropanecarboxylic acid; com- 
pound 3, bis-(1-phenylimino-1,3-diphenylpropane-3-one]metal(II); compound 3a, copper(II) derivative; 


compound 3b, nickel(II) derivative. 
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et al., 1966). The mechanism of the reaction described was proposed to be a 
nucleophilic attack of the reactive carbene (of the diazo compound) on the copper 
center, forming a coordinate bond to a fifth coordinating atom; nitrogen is then 
evolved. The formation of the copper carbene transition state is supposed to be the 
key step in the formation of the three-membered ring. The carbene-copper complex 
then is presumed to react with the styrene double bond initiating the formation of 
two carbon-carbon bonds, to form a three-membered ring. 

Because of this, we wished to see how a catalyst for which the chirality Henved 
from asymmetry of the complex itself, rather than a substituted chiral ligand, would 
effect the enantiospecificity of the carbene insertion. Toward that end, we prepared 
a catalyst using compounds of the type [RCOCHC(=NR')R"|:M, where M is 
copper(II) and nickel(II), that deviate from planarity and thus have overall chirality. 
Materials of this type are resolvable into enantiomeric forms (Moeller and Gulyas, 
1958;Hseu et al., 1963) by column chromatography using D-lactose in benzene. 


METHODS AND MaTERIALS—AIl compounds were obtained from Aldrich Chemical 
Company. Melting points were uncorrected. 

Synthesis of coordination compounds—Bis(1-phenylimino-1,3 diphenylpropane- 
3-ono)-copper(II) -nickel(II) (Fig. 2, compound 3a,b) were prepared as before 
(Hseu et al., 1963; Struss and Martin, 1966). Bis-[N-(-)- a -phenylethyl- 
salicylaldiminato]copper(II), (Fig 2, compound 1) was prepared in two steps. 
Racemic a-methylbenzylamine was resolved (Ault, 1965), and the levorotatory 
isomer was converted into the coordination compound following the published 
procedure (Sacconi and Ciampolini, 1964). 

Resolution of chiral coordination compounds —The copper(II) compound (3a. 
Fig 2) was resolved using D-lactose in benzene (Hseu et al., 1963) in a 200-cm 
column (1.0-cm diameter)and eluting at a rate of 0.4 mL/min. Breakthrough was 
established by visual examination. All optical measurements were made at 598.3 nm 
with a Perkin-Elmer polarimeter (241MC). Readings were reproducible to + 0.003. 
Average weight of each 0.5-mL fraction was determined colorimetrically. Maximum 
values for specific and molecular rotations, respectively, were: +51,+330; -67, -440, 
with the dextrotatory fraction eluting first. 

Asymmetric synthesis using coordination compounds as catalysts (Nozaki et al., 
1966)—Styrene (8.88 g., 0.085 mol) and compound 1 (Fig. 2) (0.26 mmol) in a 3- 
necked flask equipped with dropping funnel, condenser, and stirrer, were stirred for 
20 min at 50°. The temperature was raised to 80°, and ethyl diazoacetate was added 
during a period of one hour, and the temperature was maintained for an additional 
30 min. The cooled mixture was worked up using ethanol (20 mL) and 50 mL of 30% 
(v/v) aqueous ethanolic KOH (1.3 M). Base was added over a 10-min period, and the 
hydrolysis mixture was stirred for 12 hours. Evaporation under reduced pressure 
(50°, 124 mm) yielded a residue that was extracted with two 20-mL portions of 
hexane, then with 5 mL of 3 M HCl. The mixture was extracted with three 20-mL 
portions of dichloromethane, and the combined organic extracts were dried (sodium 
sulfate), then stripped. The infrared and nuclear magnetic resonance spectra of the 
residue agreed with literature values (Sadtler, 1968, 1971). The reaction was 
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TaBLe 1. Yields of cis- and trans-2-phenyleyclopropanecarboxylic acid in the presence of 
compounds of the type [o-CsHs1O(CH=NR)|2M 


R M(II) Yield,% 
PhCHMe Ni 19 
PhCHMe Cu ak) 
0.5{(CH2)sCH(COOMe) | Cu 58 
a: sees 20 


TABLE 2. Yields of cis- and trans-2-phenylcyclopropanecarboxylic acid in the presence of 
compounds of the type [RCOCHC(NR')R")2M 


R' R" M(II) Yield,% 
Ph Cu 62 
Ph Ni 32 
Me _ 0.5[(CH2CHCH2] Cu 58 


TABLE 3. Polarimetric data for cis- and trans- 2* samples obtained from experiments in which 
optically active complexes were used. 


Catalyst used Observed rotation,° specific rotation,° 
dextro- 3 -0.011 -0.084 
levo - 3 -0.007 -0.06666 

-(S)-2 -0.918 -18.3 


repeated using optically active fractions of compound 3a (Fig. 2), but the final 
products were dissolved in chloroform and analyzed for optical activity (Table 3). 

Approximate racemization rates—A resolved sample of compound 3a (Fig. 1) 
in benzene was heated at 82° for 0.5 hr, cooled to room temperature, and the optical 
activity changed from -0.045 to -0.015 (corresponding specific activities decreased 
from -38 to -11), whereas at room temperature the other sample changed from 0.059 
to 0.055 (specific activity changed from -49 to 37.5) during a 2-hr period. 


RESULTS AND DiscussioN—The series of coordination compounds prepared 
were tested as catalysts for the synthesis of cis- and trans forms of compound 2 (Fig. 
1) from styrene and ethy] diazoacetate. The yields, using unresolved compounds, are 
recorded (Table 1, 2). Based upon these results, bis(1-phenylimino-1,3 
diphenylpropane-3-one |copper(II) (Fig. 2, compound 3a) was selected for further 
study. It was resolved by column chromatography using D-lactose in benzene (Hseu 
et al., 1963), and the results are summarized (Table 3). Specific rotations for 


36 FLORIDA SCIENTIST [VOL 58 


products using resolved fractions exceeded experimental error, but were negligible 
when compared with the copper catalyst used by Nozaki and co-workers (1966). 


Based on these results, we conclude that a specific chiral center, containing an 
asymmetric carbon in the ligand, was much more effective in effecting asymmetric 
synthesis than was a compound with an overall chirality of either enantiomer. 


It is possible, however, that there was an insufficient amount of compound 3a 
(Fig. 2) present during the reaction. The specific rate constant for racemization for 
1 was 0.39 hr at 23-25° in benzene, but we have no value for this constant under 
reaction conditions. The nickel(II) analog (3b, Fig. 2) should have a greater 
tendency toward chirality, and the stability was much greater (the specific rate 
constant for racemization was 0.125 hr) (Hseuetal., 1963), but the yield of product 
was half of that when we used the copper compound (3a, Fig. 2). It is plausible that 
more stable bonds would be formed with nickel(II) compounds, which exhibit well- 
defined six-coordinate states, and decomposition of the carbene complex would be 
slower. A reasonable explanation for our lack of success is the racemization rate is 
too great at this temperature. The approximate racemization rate constant in 
benzene at 82° was 2.5 hr-1, which would indicate that 70% of the copper catalyst 
(3a, Fig. 2) would racemize during one-half hour at this temperature. 


We believe that discovering a more stable chiral copper complex could lead to 
the utility of the approach we have proposed. 
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VERVET MONKEYS IN THE MANGROVE ECOSYSTEMS OF 
SOUTHEASTERN FLORIDA:PRELIMINARY CENSUS AND 
ECOLOGICAL DATA 


WILLIAM R. HYLER 
3020 S.W. Ist Avenue, Gainesville, Florida 32607 


Apstract: Observations were made on free-ranging, introduced troops of the vervet monkey 
(Cercopithecus aethiops) in the mangrove communities of southeastern Florida. The founder popula- 
tions were animals released from unsuccessful tourist attractions. Census information was obtained for 
two troops. An analysis of the vervets’ time budget shows resting (36.9%) and foraging (35.2%) 
predominate. The distribution data on food sources reveal a reliance on seeds (23.2%), flowers (21.8%), 
fruit (20.2%), and invertebrates (17.4%). 


Tus study was directed by the concerns of the Broward County Parks and 
Recreation Department, the focus being Westlake Park in Dania, Florida. The park 
was established in 1962 as part of the parks system. Wild, non-native monkeys inhabit 
the park and are the descendants of animals released in the mid-1950’s and early to 
mid-1970’s by the proprietors of failed tourist attractions. In the past, as many as four 
species of primates may have lived within park boundaries (MacAdam, 1994). The 
objectives of this study were to ascertain what species of monkeys still inhabit the 
park, census the population(s), and identify their food sources. At the conclusion of 
the first stage of this study, with approximately 70% of the park area covered, only 
vervet monkeys have been observed. 


Metuops—Study site—The parkis primarily a mangrove ecosystem covering approximately 3,700 
hectares, located 1.2 kilometers west of the Atlantic Ocean. The salinity of the park’s water is 30 parts 
per thousand (MacAdam 1994). Consequently, the predominant plant species are mangroves: black 
mangrove (Auicennia germinans), red mangrove (Rhizophora mangle), and white mangrove 
(Languncularia racemosa). The gross geographic features of the park are those of the typical mangrove 
swamp, with the exception of the superimposition of a grid-like network of drainage canals and mosquito 
control ditches. The climate in the area is characterized by warm weather, light but persistent winds, and 
more than 1524 mm of annual rainfall (Ferguson 1985). 

Study animal—The study species was the vervet monkey, Cercopithecus aethiops, amember of the 
largest Family of Old World monkeys, the Cercopithecidae. Lernould (1988) classifies the vervet as a 
super species consisting of four species: C. aethiops, C. pygerythrus, C. sabaeus, and C. tantalus. This 
same source lists 21 subspecies of the primary four species. Kingdon (1971) states that hybridization is 
common in both wild and captive populations. According to Kingdon, interbreeding between C. tantalus 
and C. pygerythrus has occurred in southern and western Uganda, resulting in hybrids. After comparing 
current study photographs to Dorst (1970) and Kingdon (1971), it seems probable the study groups were 
composed of such hybrids. 

Data collection—The study was conducted from 27 July 1991 to 26 August 1992, resulting in 731 
scan samples. Contact was made on the first day with a troop of vervets. They were designated A Group, 
in reference to the area of the park they inhabited. Eleven days later the first observations of another 
troop of vervets was made. This second troop was designated T Group, since it obtained supplemental 
food at a trailer court near the park. Due to the inaccessibility of A Group, I decided at the beginning 
of February 1992 to concentrate observational efforts on T Group. Four months were needed to 
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TABLE 1. Census information. Values represent means. 


Group Adult male Adult female Juvenile Infant Total 
A(1) 3 5 3 2 13 
mC) 4 6 4 5 19 
T(2) 5 9 4 5 23 


A(1) Census information from 27 July 1991 through 17 February 1992 
T(1) Census information from 7 August 1991 through 22 May 1992 


T(2) Census information from 23 May 1992 through 26 August 1992 


TABLE 2. Time budget. 


Activity % 
Resting (A) 36.9 
Locomotion (B) 19.3 
Social behavior (C) 8.6 
Foraging (D) 30.2 
100.0 


(A) Pausing for extended periods (not feeding, not socializing). 
(B) All movement not directly associated with foraging, including travel between food trees. 


(C) All interactions between individuals. 


(D) Movement associated with feeding, plucking, peeling, inducing food into mouth. 


habituate the monkeys. 

Data were collected by scan sampling every fifteen minutes, allowing fifteen seconds per observed 
individual in the troop (Altmann, 1974). The data sheet used to record observations was constructed after 
Hinde (1973). Individual recognition, when possible, was based on study photographs and a field 
identification sheet for the notation of physical characteristics. Further identification was derived from 
Lehner (1979) and food typology was adapted from Kavanagh (1978). 
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TABLE 3. Dietary components by food class. 


Food class Number of observations % 
Seed 170 23.2 
Flower 159 21.8 
Fruit 148 AQ) 2 
Invertebrates NPAT 17.4 
Foliage 110 15.0 
Pith 15 Delt 
Gum/bark 2 0.3 
NS Jel 100.0 


TABLE 4. Complete list of all observed food items from both groups (food typology from Kavanagh, 1981). 


Food part * 


Food source flw frt fol g/b pth sed inv 
Black mangrove x x 
Button wood x 
Gumbo limbo X 
Red mangrove x x x x x % 
White mangrove x x x Ss 
Brazilian pepper x 
Shelf fungi x 
Periwinkle x 
Ants x 
Caterpillars | x 
Damsel fly x 
Moths x 
Pupae/grub x 
° flw, flower; oth, pith; 

frt, fruit; sed, seed; 

fol; foliage; inv, invertebrate. 


g/b, gum/bark; 
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RESULTS AND DiscusstoN—Population numbers are derived from scan samples. 
The numbers listed in Table 1 are the means. In using the means I acknowledge that 
visibility difficulties have forced me to assume that the sexes were not differentially 
visible. Census dates for T Group show an arbitrary division on my part just prior to 
the 1992 birthing season. The time budget for the study troops is shown in Table 2 
Table 3 gives the dietary components by class and represents the combined 
observations of both study groups as recorded within park boundaries. The same is 
true for Table 4, which gives the dietary breakdown by source and part. Neither 
Table 3 nor Table 4 show the daily food supplements provided by an individual who 
distributed fruit to the T group; therefore, the dietary tables are representative of 
only those foods procured by foraging. 


A vervet troop will generally be made up of 1 to 7 adult males and 2 to 10 adult 
females with the accompanying juveniles and infants (Cheney and Seyfarth, 1990). 
This multi-male and age-graded group will range from 7 to 53 with a mean of 24 
monkeys (Struhsaker, 1967). Table 1 shows that both study groups fall within these 
parameters. The mean sex ratio of 1:1.7 for the two troops conforms well to field 
reports for this species (Hall and Gartlan, 1965; Struhsaker, 1967; Galat and Galat- 
Luong, 1976; Cheney and Seyfarth, 1990). Table 1 also shows that a combined 
average of 60% of adult females from the two troops were with infants. This birthing 
rate falls within established ranges (Struhsaker, 1967; Gartlan, 1969; Turner et al., 
1987). 


Although direct comparisons of the vervets’ time budget (Table 2) are not 
possible due to differences in data collection methods, this study and previous ones 
are analogous (Dunbar and Dunbar, 1974; Galat and Galat-Luong, 1976; Kavanagh, 
1981; Harrison, 1985). 


Richard (1985) defines primates who quickly or dramatically alter their diet as 
opportunists. In a survey of 131 primates, Harding (1981) found that the vervet 
monkey has one of the most omnivorous diets of all the primates, thus earning it the 
title of opportunistic omnivore (Gautier-Hion, 1988). The vervets’ dietary adaptabil- 
ity is further enhanced by the lack of specialization in motor patterns associated with 
feeding techniques (Kavanagh, 1981). The vervetis classified as semi-arboreal, semi- 
terrestrial, being limited in its range only by water and the availability of sleeping 
trees (Cheney and Seyfarth, 1990). This ability to feed on the ground, as well as in 
the trees, affords the monkeys a varied diet. Table 3, which gives the diet for this 
study shows that the Florida vervets’ diet is consistent with other field studies 
(Dunbar and Dunbar, 1974; Galat and Galat-Luong, 1976; Kavanagh, 1981; 
Wrangham and Waterman, 1981; Harrison, 1984). The three mangrove species in 
the study area provided a substantial percentage of the vervets’ diet, especially the 
red mangrove (Table 4). Galat and Galat-Luong (1976) noted that the red mangrove 
and the white mangrove species were the most frequently exploited plant species in 
their study of the mangrove swamps of Senegal, Africa. 
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This preference is most likely due to the red mangrove’s use of a salt exclusion 
mechanism to maintain salt balance. The black mangrove and the white mangrove 
use a salt excretion method (Scholander et al., 1962). The difference in the 
maintenance of salt balance translates into a salt sap concentration that is as much 
as ten times lower for the red mangrove (Atkinson et al., 1967). 


Mangrove leaves contain secondary compounds which curtail the nutritional 
content of polysaccharides and soluble plant proteins. They also disrupt the opera- 
tion of symbiotic and digestive enzymes in the vervets’ gut (Swain, 1979). Vervets are 
able to consume the foliage of mangroves by eating the immature leaves (Wrangham 
and Waterman, 1981; Harrison, 1984). In this study roughly 60% of the parts of red 
mangrove consumed were budding leaves and/or shoots. 


Invertebrate food items constitute an important source of protein and fat for the 
vervet that is not supplied by the other components of their diet (Harrison, 1985). 
Table 3 shows that 17.4% of the two study groups’ diet were invertebrates (pupae, 
grubs, caterpillars, ants). While Kavanagh (1981) stated that vervets are not adept at 
catching flying insect forms, on numerous occasions in this study juveniles were 
observed catching damsel flies on the wing. 


MacClaud (1906) mentioned that vervets frequently consumed crabs and Galat 
and Galat-Luong (1976) reported daily hunts for fiddler crabs (Uca tangeri). This 
study recorded no observations of vervets consuming crabs; however, on several 
occasions fresh carcasses of the mangrove tree crab (Aratus pisonii) were found with 
open abdomens and the interior eaten away in the manner described by Galat and 
Galat-Luong. (1976). 


Study observations show comparable behaviors between the two introduced 
troops and previous studies of native or long established transplanted vervet 
populations. Future research will thoroughly investigate the release dates of the 
Westlake vervets for a clearer picture of the monkeys’ population growth rate. 
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MEXICO: AN ALTERNATIVE SOURCE OF MERCURY 
CONTAMINATION IN FLORIDA’S BIOSPHERE 


Jay W. PALMER 
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University of South Florida, Tampa, Florida 33620 


ApstracT: It is suggested that the major source of mercury for the contamination of Florida’s 
biosphere results from the use of mercury in silver refining in Mexico during 1550-1900 A.D. Since 
Florida is downwind from Mexico, volatilized mercury rained down on Florida (1550-1900) to become 
immobilized in a large organic mercury sink. However, clearing and burning of underbrush, draining 
of swamps for large-scale farming, and construction of roadways and living communities over large areas 
have resulted in air oxidation of organic matter in the mercury sink, liberating mercury to be volatilized 
back into the atmosphere. This mercury is becoming a problem in Florida’s biosphere. 


IN RECENT years, there has been considerable media publicity concerning real 
or perceived increasing amounts of mercury in the Florida biosphere. Theories on 
potential sources include fossil fuel-burning power plants, garbage incinerators, 
medical waste incinerators, massive drainage of low-lying lands and agricultural 
practices as well as past use of mercury-containing farm chemicals. Even the 
suggestion has been made that we look “upwind” for possible sources of contamina- 
tion (Baker, 1994; Brunais, 1994; Gunter, 1993). 

Elevated mercury levels in the biosphere, especially in fish, are of concern in 
Florida, because of the direct health threat to humans, other mammals, and birds 
which consume mercury contaminated fish. By early 1989, health advisories had 
been issued for nearly 800,000 hectares of Florida fresh waters, warning consumers 
of the health risk of eating fresh water fish (Lange et al., 1993). 

Nearly all of the mercury in fresh water fish is methyl mercury. However, the 
influence of physical and chemical variables on mercury accumulation in fish varies 
greatly, indicating localized effects play an important part in the biological availabil- 
ity of mercury. Lack of data on atmospheric deposition and sediment profiles in 
Florida precludes determination of the influence areal transport has on mercury 
concentration (Lange et al., 1993). Thus, it is imperative to investigate Bepetua: 
mercury sources upwind of lgnde 

In a recent article (Renberg et al., 1994), evidence is presented that silver 
smelters had been spewing lead and other toxic metals into the atmosphere for more 
than 2,000 years before the Industrial Revolution, leaving a toxic fallout that remains 
a threat to modern humans. This included a significant increase with the beginning 
of silver production in the New World. Perhaps we should look there for our major 
source of mercury in Florida. 

When Mexico was conquered by Hernan Cortes’ Conquistadors and Indian 
allies in 1521, Aztecs were already working silver deposits in two of Mexico’s richest 
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areas, Taxco and Pachuca. The Spaniards increased mining as quickly as possible, 
and by 1550 had also discovered rich silver deposits in San Luis Potosi, Zacatecas, and 
a most important one in Guanajuato (Motten, 1972:14). 

The Spanish brought technical knowledge including that of the Germanic 
countries which was the best in Europe. However, refining of silver was only 
economical with rarer, high-grade silver ores. Most Mexican silver ores were not very 
rich but were plentiful. When Spanish smelting and refining processes soon proved 
inadequate, a Spaniard named Bartolomé de Medina commercialized a profitable 
new process for silver extraction from low-grade ores, called patio amalgamation. 
Medina is usually given credit for discovering the process in 1557; however, he did 
not discover amalgamation for the ancient Greeks knew of it, and his process was in 
commercial production by 1555 (Motten, 1972:21-22). 

Even though the Patio Process is often called the Cold Process, heating of ores 
was not completely discontinued when the character of the ores and the presence of 
ample fuel supplies allowed traditional smelting. In other cases, including some 
using the Patio treatment, roasting was considered a necessary preliminary step. In 
every case though, the first step was to reduce silver-bearing ore to pebbles small 
enough to pass through a screen made of a cow’s hide punctured with holes. This 
preliminary crushing was usually done by women hammering the rocks apart 
(Motten, 1972:22). 

At this point, high-grade ores were set aside for smelting, and lower-grade ores 
were placed in mills for pulverizing. These mills were usually floored and walled with 
hard basalt. At the center was a hole in which a post was fixed with a suspended boom 
to which heavy basalt blocks were attached. The front end of the mill was tipped so 
that ore pebbles could slide under and receive full crushing action. Arranged in 
batteries, the mills were operated by relays of mules pulling the boom around until 
the ore was the texture of fine sand. Then water was added to make a slime. Contents 
of the mills were dumped onto great flagstone patios sometimes as large as two acres. 
When piles had been accumulated to a depth of two feet and often as large as 100 
feet in diameter, the azoquero (metallurgist) began his work (Motten, 1972:23). 

The azoquero had to determine the basic characteristics of the slime. To some 
slime he added salt, others lime, and still others roasted copper pyrites. After these 
adjustments, mercury was added. Mercury was expensive because it was a crown 
monopoly and very scarce, so the azoquero was very careful how much he added. 
Usually it was about 6 times the amount of silver he expected to extract (Motten, 
1927:23-24). 

The patio process was slow because it depended upon rainfall and temperature. 
Sometimes it would take 5 months, although 5 weeks was more common. Other 
times, the azoquero would heat the mass; and still others, he would add more 
mercury. Finally, when he felt the amalgamation was complete, the cake was scraped 
up and washed in large vats. The heavy silver amalgam and excess mercury would 
settle to the bottom, and the water and tailings drawn off. The amalgam was 
separated from liquid mercury by squeezing the mixture through cloth sacks and 
molding it into little pyramids placed on a metal platform under which a charcoal fire 
was built. Originally, heat forced the mercury to evaporate into the atmosphere as 
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gaseous atoms. Eventually all mercury was driven off leaving relatively pure silver 
behind but one containing a small percentage of gold (Motten, 1972:22-24). 

The initial process was very wasteful due to the atmospheric loss of mercury; 
however, in 1575 Juan Capellin, devised a bronze, bell-like hood (now called a 
Capellina) that was placed over the amalgam before it was heated. The heat forced 
the mercury to evaporate, but contact with the cool bell caused it to condense and 
run down the inside, where it dropped off into a little trough (Motten, 1972:24-27). 
While this substantially reduced the amount of mercury evaporating into the 
atmosphere, some continued to be lost in all phases of processing. 

In 1788-1798, German miners led by Elhuyar and Sonneschmid attempted to 
develop a faster more efficient silver refining method called the Born Process; but 
it turned out to be more inefficient and wasteful of mercury than the Patio Process. 
Finally in about 1850, a modified Born Process called Barrel Amalgamation was 
developed and re-introduced in Mexico. Again, the process proved to be more 
inefficient and wasteful than the Patio process, but also more profitable. Both 
processes continued to be used very profitably until they were superseded about 
1900 by the Cyanide Process (Motten, 1972:47-48,53). 

Some appreciation of the amount of mercury vaporized into the atmosphere can 
be gained from the amount of silver shipped to Europe. When the first trickle began 
in 1500, an estimated 20,000 tons of silver was in circulation in Europe. By 1650, this 
amount was almost doubled with Mexico accounting for about two-thirds of the 
shipments (Kandell, 1988:184-185). 

Thus, since Florida is downwind of Mexico, much of the mercury volatilized 
during silver refining from 1550 to 1900 may have rained down on Florida. However, 
since Florida consisted of a lush countryside with much decaying vegetation, this 
mercury was immobilized by organic materials to form a mercury sink (Schroeder et 
al., 1991; Westling, 1991). 

By 1900, the lush Florida vegetation was being cut down and burned; large 
swamp areas were being drained for large scale farming; enormous acreages were 
being converted to new living communities and roadways. The exposure of these 
soils to the atmosphere resulted in increased oxidation and loss of organic matter 
which eventually turned the mercury sink into a mercury source (Westling, 1991). 
This is still taking place - mercury that might have rained on Florida during 1550 to 
1900 and was immobilized in an organic sink, now has been liberated and is being 
volatilized back into the atmosphere. 

Of course much of the volatilized Mexican mércury may also have been 
deposited on eastern Mexico and in the Gulf of Mexico en route to Florida, as well 
as in the Atlantic Ocean along the northeast coast of North America. Mercury 
analyses have been done on deep-sea fish, Antimora rostrata, collected between 
2000 and 3000 m in the western North Atlantic Ocean. In both recent and old fish, 
mercury increased as a function of length of fish, but comparison of the two 
concentrations vs. length relationships shows that there has not been an increase in 
mercury concentration in deep-sea fish in the last century (Barber and Whaling, 
1984). However, more analyses are needed, especially from the Gulf of Mexico near 
the Mexican coast. Perhaps core samples from the floor of the Gulf of Mexico could 
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be taken and analyzed for mercury as a function of time of deposition as shown by 
Carbon-14 analyses. 

If it can be demonstrated that major mercury contamination occurred many 
years ago, then attention can be directed towards new methods to reduce mercury 
volatilization such as selenium treatment (Paulsson and Lundbergh, 1991) or 
removal of mercury from soil using specialized processes such as steam volatilization. 
In this way, more fruitful approaches might be devised to solve our mercury 


problem. 
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Apsract: Mark-recapture experiments on a closed population of spotted skunks (Spilogale putorius) 
on Canaveral National Seashore (a barrier island) were conducted in 1973-74 to obtain a population 
estimate; we achieved geographic and temporal closure by choosing a 16-km linear section of the island 
and a 10 day trapping period. The closed model M,, in the computer program CAPTURE yielded an 
estimate of 96.0 + 11.2 skunks, yielding a density of 40 skunks/km?, much higher than the only previous 
estimate from Towa. 


THE only reported estimate of population density of spotted skunks was 5 
skunks/kmm? in an Iowa agricultural area that had ample den sites and an abundance 
of carrion of Mearns cottontail rabbit (Sylvilagus floridanus mearnsii) scavenged by 
the skunks (Crabb, 1948). Researchers that have attempted studies have encoun- 
tered various problems, including inability to catch individuals with hand nets 
(Patton, 1974); very low population density (McCullough and Fritzell, 1984), loss of 
ear-tags (Crabb, 1948), and difficulty in obtaining adequate sample size because of 
insufficient trapping intensity (Kinlaw, 1990). 

Our objective in this study was to determine if a high density of spotted skunks 
still occurred in the palmetto scrub as reported by Schwartz (1952) and Manaro 
(1961). This was timely ecological research with this mustelid since eastern spotted 
skunk populations have been declining and are now listed as endangered or 
threatened in many states (Kaplan and Mead, 1991). In 1973-74, one of the authors 
(LME) conducted a mammal trapping program on Merritt Island National Wildlife 
Refuge, Brevard County, Florida (Ehrhart, 1976). Recognizing that the geography 
of the adjacent Canaveral National Seashore would fulfill the geographic component 
of closure (White et al., 1982), he made an intensive effort to capture intermediate- 
sized mammals there. Data were analyzed in 1974 using available methods (Ehrhart, 
1974). Major advances in analysis techniques of mark-recapture data on closed 
populations (Otis et al., 1978) allowed us an opportunity to retrospectively re-analyze 
this dataset and we present our results in this paper. 

Mark-recapture experiments that deal with large or intermediate-sized carni- 
vores often involve inadequate sample sizes due to logistic constraints imposed by a 
species’ large home range or secretive behavior. Historically, many researchers have 
failed to adequately define their study population (Tacha et al., 1982) or delineate 


No. 1 1995] KINLAW ET AL.—POPULATION ESTIMATE OF SPOTTED SKUNKS AQ 


study boundaries (Caughley, 1977). Grossly inaccurate estimates of population size 
are obtained if geographic or temporal closure of the population is not achieved 
(White et al., 1982). In particular, the geographic component of closure needs more 
attention by biologists, as no generally valid analysis exists when animals move in and 
out of a study stratum (Arnason and Baniuk, 1978), except for a two sample 
experiment on a closed population (Chapman and Junge, 1956) or for a three sample 
experiment on a population subject to losses only (Arnason, 1973). Field data are 
often inadequate when a study is attempted during a season or weather period when 
the study animal has a low capture probability (Otis et al., 1978). Inappropriate 
methods of analyses are still being used by some authors when better methods have 
been developed (Seber, 1982); in particular some mammalogists still use enumera- 
tion or index statistics over probabilistic capture-recapture models when the popu- 
lation and survival estimators of the enumeration method have more bias (Nichols 
and Pollock, 1983). 

We tried to avoid these pitfalls by first selecting an “island” population. 
Secondly, in order to have a clear and comprehensive definition of the population we 
followed the procedure outlined by Kish (1969) that included content, units, time 
frame, and extent. Our population, then, included all spotted skunks at risk of 
capture during a 10-day trapping period 20-29 March 1973 within the confines of the 
southern 16-km section of Canaveral National Seashore, Florida, a barrier island. 
We used probabilistic estimation models in computer program CAPTURE (Otis et 
al., 1978) for closed populations that utilize hypothesis testing, goodness of fit tests, 
and robust estimators to estimate the population size. 


MaTERIALS AND MEeTHODS—The study site, Canaveral National Seashore (CNS, Fig.1) is an 
example of a relatively stable, pristine barrier island (Hoffman, 1981). Stout (1979) recognized three 
plant communities on CNS: coastal dune, coastal strand, and wetlands. Trapping reported in this paper 
was restricted to the coastal strand community, as extensive year-round trapping on CNS and adjacent 
Merritt Island National Wildlife Refuge (MINWR) demonstrated that skunks were never taken in 
wetland habitats (Ehrhart, 1976). Although spotted skunks will occcasionally use open beach dunes 
(Howell, 1906), both observational (Patton, 1974) and radiotelemetry (McCullough and Fritzell, 1984) 
studies have demonstrated that skunks rarely use open habitat. Coastal strand is composed of a 
continuous, dense thicket of woody vegetation that has little grass or forb understory. Saw palmetto 
(Serenoa repens) is the leading dominant in this community and wax myrtle (Myrica cerifera), buckthorn 
(Bumelia tenax), and snowberry (Chiococca alba) have high frequencies of occurrence. The seaward 
border is usually hedged by the salt spray (Stout, 1979). Average width of this community along the 16- 
km strip is 150 m. An asphalt highway bisects lengthwise the southern 8 km of the Seashore and a foot 
trail bisects lengthwise the remaining 8 km of the study area. 

A systematic sampling scheme was used. During March-April 1973, 200 traps were placed in the 
field with one row 25 m east and one row 25 m west of the road or trail with a north-south spacing of 80 
m between traps. Two types of live traps were used: 1) non-collapsible single door Tomahawk traps 
measuring 25.4 by 30.4 by 81.3 cm, and 2) collapsible double door National traps measuring 22.9 by 66.0 
em. Traps were baited daily with commercial cat food. Captured skunks were ear-tagged and weighed; 
data collected included included sex, weight, age (adult or juvenile), reproductive condition, ectopara- 
sites, hind foot length, and trap location (Ehrhart, 1976). 

Before proceeding with the analysis, we had to ensure that the 4 assumptions of the closed 
CAPTURE models were met: 1) the population is closed; 2) animals do not lose their tags; 3) all marks 
are correctly noted; and 4) each animal has a constant and equal probability of capture on each trapping 
occasion. 

By choosing a short 10-day trapping period on the 16-km strip, geographic and temporal closure 
of the population was achieved. Since closure should be assessed from a biological basis (Otis et al., 1978), 
we examined the ratio of average distance between successive captures to overall length of study area 
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Fic. 1. General map of Cape Canaveral area and (A) detail of the 16 km study area. 


to determine if the study area was of adequate size; this ratio was less than 3% for both sexes. 

Tag loss occurred; skunks were recaptured with one or more notches in their ears where tags had 
torn out, so there was no way to back date to original capture date. We estimated minimum tag retention 
rates by calculating the percentage of animals recaptured that retained their tags over various time 
periods. Tag loss was then inferred from the shape of the graph. Since only 4% of tags were lost within 
7 days, data were clumped into 7 trap-days out of 10 total days. 

Marks were assumed to be recorded correctly as they were double-checked during attachment and 
when animals were recaptured. 

We used two approaches to determine if catchability was constant. First, we wanted to know if 
environmental variables might cause time variation in catchability. Trap success (for the entire 1] month 
trapping period) was first standardized as the daily number of captures of skunks divided by the total 
number of available traps. The number of captures of other species and the number of inoperable traps 
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TABLE 1. Daily weather variable affecting capture success of Spotted Skunks on Canaveral 
National Seashore in 1973-74. 


Variable P value 


p values < 0.01 


Maximum temperature previous day 0.0018 
Minimum temperature night of capture 0.0001 
Dew point 0.0001 
Cloud Cover 0.0161 
Standard deviation of barometric pressure 0.0069 


P. values > 0.01 


Precipitation during 24 hours of capture 0.0759 


Wind velocity 0.0914 


were first subtracted from the total number of traps before calculating trap success. Trap success was 
then was used as a dependent variable and regressed against various climatological variables. Weather 
data were obtained from the National Climatic Data Center, Asheville, North Carolina, and moon phase 
from the Information Please Almanac. 

Our second approach to examining catchability was to review results of hypothesis tests provided 
by program CAPTURE (for the subset of data used to estimate population size). Specifically, we tested 
for temporal variation (M_ vs M,), behavioral response (M_, vs M,), and heterogeneity (M, vs M,). 

We feel that the first three assumptions were met as much as possible in a field situation. An 
advantage in using program CAPTURE for this analysis is that it allows the fourth assumption of equal 
catchability to be relaxed. 


ResuLts—Regression analysis demonstrated that 95% of the variability in skunk 
capture success during this period was explained by five climatic variables : minimum 
and maximum temperature, standard deviation of the barometric pressure, cloud 
cover, and dew point (Table 1). 


The test for time specific variation in trapping probabilities showed strong 
evidence for time variation (P = 0.001). The test for behavioral response after initial 
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capture also provided positive evidence for a behavioral effect (P = 0.023). The test 
for heterogeneity of trapping probabilities indicated strong evidence that different 
segments of the population had different capture probabilities (P = 0.001). 


The model selection procedure ranked model M,, with a 1.00 rating for 
maximum value and Model M,, as the second best model with a value of 0.97. Since 
model M,,, had no estimator available, we used the results of the generalized removal 
estnaten “(pollock and Otto, 1983) under model M,,, N = 96.0 (SE = 11.2), as the 
population estimate of spotted skunks on the 16-km section of CNS. This equates to 
an approximate density of 40 skunks/km’ on the 2.43 km? of available habitat. puie test 


for closure was rejected (P = 0.01). 


Discuss1on—Weather factors appeared to cause time variation in catchability 
(Otis et al., 1978), since more skunks were captured on cool, cloudy nights and fewer 
skunks were captured on hot, clear nights (Table 1). 


Model M,,, allows behavioral response to first capture (Pollock, 1974). This can 
accomodate the “trap-shy” response that occurred with females. In behavioral tests, 
females gave more handstands (a defensive behavior) than males (Zeiner, 1975), and 
females were less prone to enter our traps. Model M,, also allows this behavioral 
response to capture to vary with individual animal-so that all members of the 
population do not exhibit an identical response to first capture (Otis et al., 1978), 
allowing for differential trap response between males and females. Males were more 
easily captured and with greater frequency than females. Sex ratio for skunks in this 
data was 2.5:1.0, and a male bias has been reported in live-trapping data (1.8:1.0, 
Crabb, 1948). Since March is the beginning of the breeding season in Florida (Mead, 
1968), males were more mobile, moving an average of 800 m. compared to 430 m. 
for females, and so were exposed to more traps. 


Although the test for closure in CAPTURE was rejected, this test is confounded 
in the presence of behavioral response (Otis et al., 1978), invalidating this test. 
Because of the geography of the barrier island and the short time period involved, 
we are confident that we met the closure assumption. Mares and co-workers (1981) 
felt that adherence to the closure assumption was so critical that they chose an island 
(closed) population of chipmunks (Tamias striatus) in which to evaluate different 
population methods; they point out that statistical differences between different 
population estimation models might be spurious if assumptions of the model used 
are not met. Otis and co-workers (1978) suggested that closure might be assumed for 
an 8-day study of cottontails (Sylvilagus floridanus) during a nonbreeding period in 
a well-defined area. 


Thus, we feel that we have chosen the best statistical tool to model the biological 
situation. Since we are confident that we met the closure and tag loss assumptions, 
we believe our CAPTURE estimate is both accurate and precise, since the closed 
models used are based on fewer assumptions than open models. 
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Our density estimate is eight times larger than Crabb’s estimate. Possible 
reasons for the difference may relate to the abundance of Gopherus polyphemus 
burrows at CNS that skunks use as breeding dens (Toland, 1991). Other factors may 
include the availability at CNS of abundant food combined with almost 100% 
vegetative cover providing protection from great horned owl (Bubo virginianus) 
predation (Kinlaw, 1990). Extensive areas of coastal strand with similar scrub habitat 
occur south of the study site on Canaveral Peninsula. If Spilogale exist at the same 
density on the Peninsula as our study population, then a population approaching 
2000 could occur there. 
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Asstract: Mature, viviparous seedlings of Rhizophora mangle L. were harvested from a variety of 
adult trees and subsequently grown under conditions of ambient natural sunlight, UVb-filtered sunlight, 
and shade to determine the effects of relative levels of UVb/PAR on early root and shoot development. 
Growth was generally reduced with exposure to UV, with shoot elongation exhibiting the largest 
treatment differences among all growth indices. The results suggest that open, exposed environments are 
suboptimal for the early development of R. mangle upon establishment. 


STRATOSPHERIC ozone depletion allows increased penetration of ultraviolet b 
(UVb, 280 -310 nm) solar radiation to the earth’s surface, a factor that is known to 
_ have deleterious effects on a wide variety of organisms (Levitt, 1972). A number of 
physiological processes in many plant species are altered during chronic exposure to 
enhanced UVb (Biggs et al., 1981; Sisson, 1984; Tevini et al., 1983). The red 
mangrove, Rhizophora mangle L., is a halophytic woody spermatophyte common to 
the land-sea interface of tropical and subtropical intertidal zones that experience 
relatively high doses of biologically-active and DNA-responsive UVb radiation 
(Roach, 1992; Tevini, 1993). Although R. mangle has presumably adapted to this type 
of environment, its physiological response thresholds to specific quantities and 
qualities of light, particularly UVb, remain unclear. 

The Rhizophora have hitherto been described as both shade-tolerant and 
shade-intolerant (Macnae, 1966, 1967). However, there is some evidence to suggest 
that ambient light levels may well exceed optimum levels. For example, isolated R. 
mangle seedlings exposed to dawn to dusk solar radiation often fail to develop in spite 
of the fact that all other environmental factors appear favorable. Seedlings of a 
related species, Rhizophora apiculata L. Blume, have been reported to exhibit better 
growth under shade (48% relative irradiance) than in full sunlight (Kathiresan and 
Moorthy, 1993). Bjorkman and co-workers (1988) showed that in general mangrove 
leaves had low water potentials, low stomatal conductance, and low light-saturated 
CO2 exchange rates compared to non-mangrove species. Additionally, mangrove 
sun leaves were characterized by a low energy conversion efficiency (ECE) com- 
pared to shade leaves, indicating that mangroves may often receive light in excess of 
physiological requirements. Furthermore, it has been postulated that the metabolic 
energy requirement of maintaining salt balance may contribute to decreased 
resistance to high light stress, although the relationship between these two physical 
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factors remains unclear (Lovelock et al., 1992). 

Since studies of UV radiation effects on plant growth have been largely 
limited to high altitude species and crop plants (National Research Council, 1983), 
the main objective of this research was to characterize the growth and developmental 
responses of the viviparous seedlings of R. mangle to UV/PAR exposure. 


MetHops—Thirty mature propagules (mean length = 224 mm + 4.15 SE, mean mass = 23.94 g + 
0.82 SE) were harvested from several adult R. mangle trees that were part of a fringe mangrove forest 
located within Matheson Hammock Park, Miami, Florida. Individuals of similar size and ripeness, as 
indicated primarily by protrusion of the cotyledonary collar (Banus and Kolehmainen, 1975), were 
selected. Previously abscised propagules lying on the ground were not used in this experiment for several 
reasons. First, it is impossible to determine the length of time, and thus the extent of physiological 
development, since abscission. Secondly, abscised propagules may be affected by acute exposure to 
environmental factors that would not be encountered on the parent trees. Also, differences in salinity, 
soil chemistry, water availability, etc., of the ground-surface microhabitat may affect the onset of early 
development processes which appear to be strictly regulated by the parent tree during viviparous 
development (Pannier and Pannier, 1975). Finally, the use of ripe propagules that are still attached to 
the tree assures a similar starting point in terms of physiological state. 

The 30 propagules were divided into three light-treatment groups. Each group was then 
further divided in half and planted in two identical 21L plastic containers to provide adequate soil space 
for root growth. The treatment groups were evaluated statistically, however, as single groups of ten since 
both containers for each group of five were placed side by side under the same experimental conditions. 
A commercial mixture of perlite, silica sand, and organic matter was used as substrate. Light treatments 
corresponded to natural ambient sunlight (aUVb), UVb-filtered sunlight (-UVb), and shade (Sh). A 
single sheet of 5 mm thick clear Plexiglas erected on four corner supports served as a UVb filter without 
significantly reducing the transmission of photosynthetic active radiation (PAR). The shade treatment 
employed semi-translucent fiberglass that essentially blocked all UVb, and reduced PAR to approxi- 
mately 13 percent full-strength sunlight. Four identical corner supports were also set up around the 
aUVb treatment containers in order to mimic the shadows present in the other groups. Light intensities 
recorded with an International Light™ IL1700 research radiometer are presented in Table 1. Air 
temperatures under the filters did not differ significantly from the uncovered treatment because the 
filters were flat and allowed for complete air circulation through the system. Also, the experiment was 
conducted near the shoreline in an area which receives a constant breeze from the ocean. All plants were 
watered daily with 1 L of ~ 10 - seawater following the technique described by Lin and Sternberg (1992). 
Since the exposed containers subjected to ambient conditions received normal rainfall, equivalent 
quantities of collected precipitation were added to the covered containers to insure that each treatment 
received equal amounts of the same quality of water. Holes in the bottoms of the containers allowed for 
drainage to prevent waterlogging effects and a buildup of soil salinity. 

Seedlings were monitored over a period of approximately 6 months from September 1993 to 
February 1994, during which time stem length, leaf index (sum of leaf lengths), leaf number, and mean 
leaf lengths were recorded seven times. Root index (sum of root lengths), root number, mean root length, 
were recorded only twice, at 17 and 37 days, due to the difficulty of excavating plants for measurement 
without damage. The data were compared using Analysis of Variance followed by apriori Least 
Significant Difference tests. 


ResuLts—Root development - After 17 days of growth, the mean root index 
for plants grown under UVb-filtered sunlight (-UVb) was slightly higher than for 
unfiltered, natural sunlight (aUVb) or shade (Sh) treatments (Fig. 1). By day 37, the 
mean root index in the -UVb treatment was significantly higher (p < 0.1) than the 
aUVb treatment, but not from the Sh treatment. The aUV root index was lower, but 
statistically similar to the Sh value. The mean root lengths (not shown) of seedlings 
exhibited a similar pattern. Values in the -UVb and Sh treatments were significantly 
higher than in the aUVb group after 17 days of growth. After 37 days, the differences 
were still evident but not statistically significant. In contrast, mean numbers of roots 
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Root index 


Time (days) 


Fic. 1. Mean root index over time (days) for aUVb (empty bars), -UVb (light-shaded bars), and Sh (dark- 
shaded bars) treatments. Lowercase “s” represents significant difference (P<0.1) between adjacent groups; 
uppercase “S” represents significant difference between first and last groups (aUVb vs. Sh). 


Stem length 


Time (days) 160 


Fic. 2. Mean stem lengths over time (days) for aUVb (empty bars), -UVb (light-shaded bars), and Sh (dark- 
shaded bars) treatments. Lowercase “s” represents significant difference (P<0.1) between adjacent groups; 
uppercase “S” represents significant difference between first and last groups (aUVb vs. Sh). 


Leaf index 


Time (days) 


Fic.3. Meanleafindexovertime (days) foraUVb (emptybars), -UVb (light-shaded bars), and Sh (dark-shaded 
bars) treatments. Lowercase “s” represents significant difference (P<0.1) between adjacent groups; uppercase 
“S” represents significant difference between first and last groups (aUVb vs. Sh). 
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per seedling in the a@UVb and -UVb treatments were slightly higher than those 
under shade. 


Shoot development—tThere were well defined patterns in stem and leaf 
development among treatments. The mean stem length in the Sh treatment was 
significantly longer than the -UVb value which, in turn, was significantly higher than 
the aUVb value in all stages of development after 37 days of growth (Fig. 2). Mean 
leaf index values in the -UVb and Sh seedlings were also significantly higherin aUVb 
propagules in the majority of measurements taken after 51 days of growth (Fig. 3). 
Leaves on the propagules in shade emerged first and were noticeably greener than 
those in both aUVb and -UVb groups, and, the mean number of leaves per seedling 
(not shown) in the Sh treatment was significantly higher than the aUVb and -UVb 
groups in the initial stages of development. Mean leaf lengths (not shown) exhibited 
differences among treatments primarily during the latter stages of development; 
values were highest for the Sh treatment but did not differ between the aUVb and 
UVb- treatments. After 121 days of growth, both the -UVb and Sh groups exhibited 
higher leaf numbers than the group exposed to aUVb. 


Discussion—The early growth of R. mangle seedlings appears to be favored by 
either shade or the absence of UVb . Over the longer term, stem elongation showed 
the largest response among treatments. In this regard, accelerated height growth 
(ie., stem elongation) in the shade was likely a result of etiolation, a natural 
phenomenon in most species of vascular plants. In ambient, high-intensity sunlight, 
lower endogenous levels of indoleacetic acid (which can be photoxidized by UVb 
radiation) and/or gibberellins may account for the reductions in stem elongation 
(Morgan, 1990). In fact, it has previously been suggested that the short, “umbrella- 
shaped” tree structure observed in mangroves in fully-exposed, open areas with a 
long duration of daily sunshine (Macnae, 1967; Saenger and Hopkins, 1975) may be 
a developmental consequence of alterations in levels of endogenous growth regu- 
lators or, alternatively, decreased tissue sensitivity to these substances (Hutchings 
and Saenger, 1987). Another general effect of UVb on plant development is a 
decrease in the rate of leaf expansion - a process believed to be controlled by 
gibberellin and/or cytokinin activity (Sisson and Caldwell, 1976). In these experi- 
ments leaf development was similarly inhibited by exposure to unfiltered sunlight. 
It thus appears that the interaction of growth regulators with the light environment 
may be an important aspect of developmental responses in mangroves. 


Seedlings subjected to the aUVb treatment never exhibited the highest values for 
any measured aspect of growth. This suggests that the open, fully-exposed type of 
environment is suboptimal for the early development of R. mangle. Light require- 
ments may change, however, over the course of the life cycle as plant tissues become 
acclimated or “hardened” with age. It is also possible that these responses are 
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TABLE 1. Intensities of UVa, UVb, and PAR (W/cm2) and corresponding indices relative to the 
natural sunlight (i-ns) treatment among aUVb, -UVb, and Sh groups (values are means of 5 replicate 
measurements taken on Oct 21/1993, 12:00 pm). 


Treatment UVa i-ns UVb i-ns PAR i-ns 
aUVb 3.17E-02 1.00 3.40E-04 1.00 1.61E-03 1.00 
-UVb 2.95E-02 0.93 6.50E-06 0.02 1.60E-03 (0.99 
Sh 8.40E-03 0.26 6.00E-07 0.00 2.00E-04 0.13 


indicative of a particular genotype of seedlings originating from the same adult 
population. Undoubtedly, a larger number of propagules selected from a wider 
variety of habitats would have provided better information on the UVb/high-light 
inhibitory response. Of further interest is the question as to whether viviparous 
propagules show more rapid development within the shade of the inner canopy 
compared with those developing in exposed locations such as the ends of sunlit 
branches. Such information may shed light on the degree to which vivipary mediates 
external factors of the environment. 


Plants in the two high-light treatments received similar doses of photosyntheti- 
cally active radiation (see Table 1); thus, it appears that UVb was the primary factor 
contributing to reduced or altered development. This is significant due to the fact 
that ambient levels of UVb are lowest at the time of the year that the experiment was 
conducted. It is also pertinent to note that these experiments were conducted on 
Virginia Key, Florida (25° 46' N, 80° 12' W) which is near the latitudinal range limit 
for this species. These plants therefore received comparatively lower doses of solar 
radiation than those growing at lower latitudes would generally experience (Tevini, 
1993). Furthermore, we speculate that increased UVb exposure as a result of 
stratospheric ozone depletion may ultimately influence distribution patterns and the 
relative abundance of this species as a result of altered development and competitive 


ability. 
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REVIEW 


William B. Robertson, Jr. and Glen E. Woolfenden, Florida Bird Species: An 
Annotated List, Florida Ornithological Society, Special Publication No. 6, Gainesville, 
Florida, 1992. Pp. ix + 260. Available from: Editor, Special Publications F.O.S., 
Archbold Biological Station, P.O. Box 2057, Lake Placid, Florida 33852. Softcover 
$17.95, cloth $22.95, plus $2.00 shipping fee per book (Florida residents must add 
6% sales tax on the total price of the order). 

TWO premier ornithologists, who shared a combined ‘total of 75 years of 
experience in Florida at the time of writing, have produced an information-rich 
annotated list of the bird species that have occurred in Florida in historical time. 
From common species to ephemeral exotics, Robertson and Woolfenden succinctly 
present capsules of evidence supporting the composition of Florida avifauna and a 
remarkable amount of additional material. The authors have held a high standard of 
record-keeping for themselves and have fostered scientific ornithology for many 
years through their activities in the Florida Ornithological Society. Florida Bird 
Species is a tribute both to the efforts of many birders in the state and the high caliber 
of the authors. 

The book is organized as follows. The Introduction outlines the criteria for 
inclusion in the list, what constitutes verifiable evidence, and the distinction between 
“records” and “reports.” Four questions are addressed in the species accounts. First, 
if it is rare, what is the evidence that the species has occurred in Florida? Second, 
where in Florida has it occurred? Third, what are the important characteristics of its 
occurrence? And, fourth, how, if at all, has its pattern of occurrence changed during 
the period of record? Species accounts, a literature cited section with approximately 
500 references, an index, anda checklist of the verified species follow. The list of 671 
bird species that have occurred in the wild in Florida is divided into four categories. 
Inclusion in the largest category, Verified Species (461 species, including 11 exotic 
and 4 extinct species), hinged on “the existence of archived data which anyone who 
chooses may examine and form an independent opinion.” The other categories are 
listed in appendices: Unverified Stragglers (75 species), Probably Unestablished 
Exotics (16 species), and Unestablished Exotics (119 species). Both scientific and 
common names are indexed. 

Putting species into categories involves difficult decisions. Foremost of these is 
deciding how many categories to make. The authors must have wrestled with the 
tendency to proliferate categories, because on page 2 they announce that they will 
distinguish five categories, and then proceed to name only four. They won the battle 
to keep it simple. In categorizing species, the authors never hesitate to acknowledge 
ambiguity (e.g., Scarlet Ibis, Muscovy Duck, etc.) and then let the reader decide. 

This conservative inclusive approach is a strength of the volume. The authors 
admit that Appendix A, Unverified Stragglers, is “a scrap basket for some of the more 
intractable problems of the Florida ornithological record.” It contains diverse 
species such as Peruvian Booby, King Vulture, Great Auk, Common Potoo, Eurasian 
Jackdaw, and Black-capped Chickadee. Some of the reports of the occurrence of 
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these species in Florida are weak at best, but the authors present the best evidence 
supporting their judgment to provide future researchers with a firm foundation for 
reassessment. 

Another valuable aspect of the book is its treatment of exotics. The authors cast 
a wide net to assemble records and reports of the remarkable diversity of species that 
“probably required human assistance to reach Florida.” A total of 146 species, 
including 63 species of parrots, are listed, of which only 11 species (e.g. Red- 
whiskered Bulbul) have become established. This provides valuable documentation 
of potential Florida bird life. 

The result is an impressive amount of information presented in a clear and 
consistent fashion. The authors established operational definitions for terms used to 
describe distribution, population status, seasonality, abundance, and frequency of 
occurrence and then adhered to those definitions. In addition to the above, the 
authors also add knowledge of banding recoveries (e.g., Double-crested Cormo- 
rant), history (e.g., Cattle Egret), and habitat (e.g., Sedge Wren) where appropriate. 
This book will be essential to ornithologists and birders in Florida and elsewhere. 
Biogeographers, ecologists, and resource managers, who want a standard reference 
of what birds occur in Florida will find this an extremely useful volume at a very 
reasonable price. —R. Todd Engstrom, Tall Timbers Research Station, Rt. 1 Box 
678, Tallahassee, Florida 32312. 
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Humphrey, Stephen R. ed., Rare and Endangered Biota of Florida: Vol. 1, 
Mammals, University Press of Florida, Gainesville. 1992. Pp. vi + 392. 

THIS book is part of the series describing the rare and endangered plants and 
animals of Florida. The series was initiated by the Florida Committee on Rare and 
Endangered Plants and Animals (FCREPA), an organization of scientists, conserva- 
tionists, and citizens founded in 1973. The effort to update each of the volumes in 
the series has been the a cooperative endeavor of many scientists in the public and 
private sectors, and the work has been supported in part by the Florida Game and 
Fresh Water Fish Commission, Florida Power and Light Co., and the Save the 
Manatee Club. Ray Ashton, Jr. of Water and Air Research, Inc. is the editor of the 
series. 

This book is the second edition of the original volume published in 1978 and 
reprinted several times since then. The material included in the 1992 version has 
been substantially expanded and brought up to date, and an excellent list of 
references appears at the end of each chapter. A total of 54 species are treated in 
the new volume, and well-researched information is presented concerning all of the 
important aspects of each species’ taxonomy, morphology, population trends, habitat 
requirements, distribution and range, and vulnerability. In addition, a description 
of conservation measures already implemented and those which have been proposed 
is provided, giving the reader a perspective on the best thinking in the state for 
species preservation. The large amount of data, the thorough explanations of the 
causes of vulnerability, and the chapter references make the book a compendium of 
essential data on the 54 species covered. 

Several format and material improvements over the first edition are present in 
this edition. Range maps are printed at a larger size which are considerably easier 
to read, particularly in the case of species having very limited range in the state. Also, 
the book is available in a standard sized, hard cover version which will withstand 
years of use better than did the oversize 1978 soft cover. Photographs are more 
numerous, although not always of the best quality. A very helpful index, not present 
in the first edition, is also included. 

As in the case of the first edition, no biologist involved in work relating to 
Florida’s ecology or environment will want to be without this volume and all other 
volumes in this series. The libraries of all academic institutions, resource manage- 
ment agencies, environmental consulting firms, conservation organizations, and 
utility companies will also benefit by having the entire series.—Patricia M. Dooris, 
Saint Leo College, Saint Leo, FL 33574. | 
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REVIEW 


George Freedman and Deborah A. Freedman, Technical Editor's Handbook: A 
Desk Guide for All Processors of Scientific or Engineering Copy, Dover Publications, 
Inc., New York, 1994 (unabridged republication of 1984 edition of The Technical 
Editor's & Secretary’s Desk Guide). 592 pp. $14.95 

A DecabDE can be along time, especially the last one in publishing. Ten years ago, 
we used a typewriter exclusively, and now we use it with reluctance. How valuable 
is a book that is unabridged after the past decade? The authors respond with 
remarkable candor in a useful introduction that the book is inevitably diminished 
“somewhat.” They are correct, but there is much that is useful here for editors and 
would-be editors. The life of editors is inevitably better when authors function as 
would-be editors and do more of our job for us. There is much that is useful to all who 
would publish. The book is flawed, not for what it contains, but what it lacks. The 
reference to the “automated office” was prophetic, but is now with us in different 
levels of desktop publishing. This volume is well organized into subject areas of 
Mathematics, Chemistry, Biology, etc. It is concerned with the useful mechanics: 
proper spelling, proper usage,symbols, what to do when the right symbols don’t 
come forth from your favorite word processor, how to organize data, how to make 
editors happier, how to get published more easily. It comes with a “Dictionary of 
Technical Terms” and 18 useful glossaries. At the price, it’s a bargain addition to the 
bookshelf.—Barbara B. Martin and Dean F. Martin, University of South Florida, 
Tampa, Florida. 
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SYMPOSIUM ON HUMAN IMPACTS ON 
THE ENVIRONMENT OF TAMPA BAY 
INTRODUCTION 


The 57th Annual Meeting of the Florida Academy of Sciences was held March 25-27, 
1993 at Eckerd College in St. Petersburg. The campus is located on the shore of Tampa Bay, 
an area which has received much attention due to increasing population and resulting 
environmental impact. For the 57th Meeting of the Academy, a "theme" was adopted to focus 
attention on the interdisciplinary nature of the Academy. The study of "Human Impact on the 
-Environment of Tampa Bay" is likewise a multi-disciplinary topic and served as the organizing 
theme for the Plenary Session on March 25. Meeting participants were encouraged to address 
the theme in their papers where appropriate. The diversity of the Academy is reflected by the 
26 papers presented in the various Academy Sections: Biological Sciences (14); Environmental 
Chemistry and Chemical Sciences (4); Urban and Regional Planning (3); Geological and 
Hydrological Sciences (2); and one each in Atmospheric and Oceanographic Sciences, 
Anthropological Sciences, and the Florida Committee on Rare and Endangered Plants and 
Animals. 

As Program Chair for the Academy Meeting, I assembled a "panel of experts", each of 
whom addressed different aspects of the Human Impact on the Environment of Tampa Bay. 
Fortunately, this was not difficult, as three of the participants on the Panel featured at the 
Plenary Session were involved in the "Tampa Bay Area Scientific Information Symposium 2" 
conducted in 1991 (as a ten-year follow-up to an earlier symposium.) Mr. Peter Clark, Principal 
Environmental Planner for the Tampa Bay Regional Planning Council - Agency on Bay 
Management, presented "An Overview of Tampa Bay Historical Problems" and discussed early 
activities to coordinate bay management activities. Ms. Holly Greening, Program Scientist for 
the Tampa Bay National Estuary Program, gave a brief overview of the objectives of the Tampa 
Bay National Estuary Program, focussing on the technical projects defining the critical living 
resources in Tampa Bay, how anthropogenic impacts have affected bay habitats and living 
resources, and the development of specific management actions necessary to ameliorate identified 
impacts. Mr. John Ramil, Director of Power Resource Planning for the Tampa Electric 
Authority, addressed "Tampa Bay Area Energy Needs Through the Year 2000" and how they 
will be met through a combined plan of conservation and new supply. Tampa Electric’s 
approach to siting new power generation and power supply environmental impacts were 
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presented. Mr. Michael J. Perry, Director of the Surface Water Improvement and Management 
Department of the Southwest Florida Water Management District, reviewed "Restoration 
Activities Within the Tampa Bay Watershed" and the effects of cultural eutrophication on habitat 
and water quality in Tampa Bay. Mr. David Carpenter, Senior Environmental Scientist for King 
Engineering Associates (formerly with the Tampa Port Authority), reviewed "Port Impacts, Past 
and Future". R. Del Delumyea, Ph.D., Millar Wilson Laboratory for Chemical Research, 
Jacksonville University, served as Moderator of the Panel. 

The interest generated led to the suggestion that the papers be compiled into this 
Proceedings document. Editors of the document include Ms. Suzanne Cooper, Principal Planner 
for the Tampa Bay Regional Planning Council; Mr. Peter Clark; Ms. Holly Greening; and 
myself. The financial contributions of the Tampa Bay National Estuary Program and the Tampa 
Bay Regional Planning Council are gratefully acknowledged. Without them, this publication 
would not have been possible. 


R. Del Delumyea 
Moderator 


Millar Wilson Laboratory for Chemical Research, Jacksonville University, Jacksonville, FL 
32270 : 


17 June 1993 
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REVIEW OF HISTORICAL TAMPA BAY 
WATER QUALITY DATA 


E. HOWARD RUTHERFORD, BRIAN J. BENDIS, 
GABRIEL A. VARGO AND KENT A. FANNING 


University of South Florida Department of Marine Science 
St. Petersburg, FL 33701 


ABSTRACT: A summary of general trends over the past 17 years of water quality data used for the Review and 
Synthesis of Historical Tampa Bay Water Quality Data, Technical Publication #07-92 of the Tampa Bay National 
Estuary Program including nutrient, chlorophyll a and salinity data and their relationship with tributary flow regime 
is presented. Total phosphorus, total nitrogen and chlorophyll a have decreased over the last decade. A positive 
relationship between tributary flow and total nitrogen was observed for most of Tampa Bay as well as a positive 
relationship between total phosphorus and chlorophyll a and river flow. However, this latter relationship breaks 
down after 1984 and was not found for all locations. 


The National Estuary Program (NEP) was initiated by the Water Quality Act of 1987. 
The mission of NEP is to conduct Management Conferences to characterize, develop and 
implement a Comprehensive Conservation and Management Plan for a particular estuary 
utilizing local agencies. Tampa Bay was accepted into the NEP on April 20, 1990. Previous 
reviews on Tampa Bay water quality have emerged throughout the years, yet none have 
been as comprehensive as this one for all bay segments. Only four large bay segments of 
the original seven subunits previously described by Lewis and Whitman (1985) were 
investigated for this project: Hillsborough Bay (HB), Old Tampa Bay (OTB), Middle Tampa 
Bay (MTB) and Lower Tampa Bay (LTB) (Figure 1). Previous reviews have primarily dealt 
with HB since the majority of pollutant loadings has been concentrated in this area 
(Johansson, 1991). 

The original technical report (Tampa Bay National Estuary Program Technical 
Report #07-92) encompassed over 20 different parameters; however, the review herein of 
observed historical spatial and temporal trends covers only total phosphorus (TP), total 
nitrogen (TN), chlorophyll a and salinity. With a significant increase in both population 
density and development, it is of no surprise that the relative distributions of estuarine 
nutrients have also escalated. There are various point and non-point sources that contribute 
to the distributions of nutrients throughout Tampa Bay’s four bay segments. These sources 
include land runoff, influx from the adjacent sea, remineralization processes in both the 
water column and sediments and atmospheric deposition (Nixon, 1981). In turn, increases 
in nutrient concentrations strongly influence chlorophyll a distribution. Chlorophyll a 
signature has been used as an indicator of eutrophication since it is directly related to 
phytoplankton biomass and phytoplankton are the primary utilizers of inorganic nutrients. 

The original objectives for this project were to (1) obtain and organize historical 
water quality data into a computerized format easily accessible for characterizing Tampa 
Bay, (2) define and examine both spatial and temporal trends in selected parameters to 
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FIG. 1. Map of Tampa Bay with saltwater stations of the Environmental Protection 
Commission of Hillsborough County (from Boler, 1992). 
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describe the biological, chemical and physical characteristics of Tampa Bay and (3) review 
and assess present monitoring strategies with respect to parameters investigated and provide 
insight on improvement. The scope of this project was limited not only by the size of the 
database and the amount of variables involved, but also by the time allocated to produce 
a quality technical report. Therefore this review is only a cursory attempt to qualify the 
spatial and temporal variability using rudimentary analyses. The limitless possible directions 
for future work should and will be pursued to adequately analyze and review the 
information available. 


MATERIALS AND METHODS 


Tampa Bay Water quality data was obtained from the Hillsborough County 
Environmental Protection Commission (HCEPC) on magnetic media and then translated 
into amenable formats for analysis. The data presented for this report spans 17 years from 
1974 through 1990 (except TN from 1981-1990) and includes 20 of the HCEPC’s 50 
saltwater stations (Figure 1) throughout all segments of Tampa Bay. The HCEPC has 
sampled, for the most part, each station on a monthly basis. However, sampling occurs over 
a three-week period in which on one day in each of three successive weeks roughly one-third 
of the stations are sampled. Therefore, caution should be exercised in data interpretation 
under this asynoptic sampling regime. In addition, only a few parameters are measured in 
situ, e.g. temperature, salinity, dissolved oxygen, at several depths (surface, middle and 
bottom) while other parameters are sampled at mid-depth only. For comparison purposes, 
the assumption must be made that samples are comparable from various stations even 
though mid-depth is not the same measured depth among stations. 

Time series plots are simply plots against time of the entire data record for a 
particular parameter (17 years of monthly values). Annual averages are the average of all 
values for a given year. This type of averaging does introduce a dramatic smoothing effect. 
However, it is useful for illustrating long term trends in the data and for better 
understanding interannual variability as well as to indicate potential relationships among 
parameters. The river flow data was obtained from the United States Geological Survey 
(USGS) office in Tampa. The annual average freshwater flow was calculated by averaging 
the total flow from gauging stations located in tributaries flowing into Tampa Bay. 

Climatological averages are defined as the average for a given month over the 17 
years for a particular parameter, i.e. the average of all Januaries, etc. Climatological means 
were used for time series plots and contour plots. Although climatological averaging does 
have a smoothing effect, plotting averages vs. months (time series strategy) is a useful tool 
for identifying seasonal patterns while contour plots provide information on spatial patterns. 


RESULTS 


TOTAL PHOSPHORUS. Total phosphorus (TP) includes dissolved inorganic phosphate, 
dissolved organic phosphate and particulate phosphate. Figure 2 represents a general trend 
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observed for TP time series for all bay segments from 1974-1990. An apparent 47 to 67% 
decrease was noted in TP from 1974 to 1980-1982. After 1982, the TP concentrations did 
not deviate from the relatively "steady" values noted for each bay segment. In order to 
understand the large decrease in TP, an understanding about rates is needed: rates of input, 
uptake by plants, remineralization, deposition of organic matter and estuary flushing. For 
three out of the five stations observed for LTB (Stations 91, 93 and 94), an apparent 
decrease in TP since 1974 was not observed (Figure 3). Instead, these stations appear to 
deviate about a mean concentration. Due to the location of these stations, it would not be 
a surprise if processes other than tributary loadings dominate nutrient input, i.e. shelf-water 
exchange. On the other hand, Station 96, which is also located in LTB, experienced the 
general decline in TP. An understanding of the circulation patterns in the bay affecting 
water quality parameters could help in interpreting this discrepancy. 

Annual averages for representative Bay segments eliminated much of the variability 
exhibited by the time series plots. In Figure 4, TP shows similar trends throughout the bay 
as observed from the time series. It should be noted that the observed decrease was not 
linear with time. Instead, an intermediate maximum was observed between 1977-1980. This 
maximum corresponds to increased tributary flow with a peak in 1979 (Figure 5). A 
secondary increase in total river flow in 1982 and 1983 also corresponds to an increase in 
TP, although the magnitude of the increase was considerably lower than the 1978/79 
increase. Time series graphs for Stations 91, 93 and 94 (Figure 3) did not display a decrease 
in TP from 1974. After smoothing out the data, annual average plots confirm a decrease 
in TP for Stations 91, 93 and 94 (Figure 4) which matched the decreasing trends observed 
for most stations throughout the bay. This discrepancy may, in fact, be a result of the 
averaging process, scaling differences or human error during visual examination. 


TOTAL NITROGEN. Total nitrogen (TN) includes nitrate, nitrite, ammonia and organic 
nitrogen. Due to analytical uncertainties, only TN values from 1981-1990 were reviewed. 
When examining time series data for TN, a possible connection between increase in 
freshwater flow rates and TN values exists (Figs. 5 and 6). Two peaks in total flow rates of 
tributary freshwater into Tampa Bay are observed in 1983 and 1988. At most stations, high 
TN values were observed for all stations in 1987 (Figure 6). It is interesting to note that the 
1987 spikes are followed by significant lows in TN even though freshwater flow in 1988 was 
ten percent higher than 1987. This increase in TN phenomenon baywide may be linked to 
a greater freshwater input (i.e. ground water percolation) but a more thorough examination 
of loadings between 1987 and 1988 is needed to establish this impact of freshwater. Higher 
TN concentrations from 1983-1984 are not as striking as in 1987, but these evaluations 
correspond exactly to increase in freshwater flow in 1982/83 and in 1987 (Figs. 5 and 6). 

Time trends of annual averages confirm and somewhat accentuate the observed TN 
peaks in 1984 and 1987 (Figure 7). The 1983-1984 nitrogen enrichment is clearly 
established and the 1987 enrichment in the time series is also matched. A slight increase 
was also observed in 1989 when river flow data suggests a minimum (Figs. 5 and 7). There 
may have been higher TN concentrations in 1989 runoff or other processes affecting TN 
concentrations, i.e. nitrogen fixation or atmospheric deposition. 
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FIG. 2. Seventeen-year total phosphorus time series, Station 14, MTB. Mean, S and S2 refer 
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FIG. 3. Seventeen-year total phosphorus time series, Station 94, LTB. 
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TN:TP REGRESSION ANALYSIS. TN:TP ratios for all four major bay segments from 1981- 
1990 revealed some interesting results (Figure 8). It is clear from the low TN:TP ratios that 
Tampa Bay does not follow the traditional Redfield ratio (16:1) and is therefore limited. Here, 
TN:TP ratios also include those forms of both nitrogen and phosphorus non-utilizable by plants. 
It is apparent that MTB mimics that of HB rather than LTB and that OTB has the lowest TN: TP 
ratios. Lower nutrient concentrations distributed by shelf-water exchange could be a factor in 
controlling TN:TP ratios in LTB. 


CHLOROPHYLL A. The chlorophyll a time series graphs show some interesting features in 
the data. The annual minimum and maximum concentrations increase for many stations from 
1976 to around 1984-1986, thereby producing the perception of a hump in the time series data 
(Figs. 9 and 10). This trend is not present in any of the OTB stations. After 1986, the 
chlorophyll a concentration decreases for most stations. This decline may be attributed to 
several factors including (1) a decline in an input of a limiting nutrient, (2) increased flushing 
of the bay thereby decreasing residence time, (3) increase in a competitor of phytoplankton for 
a limiting nutrient, and (4) increase in the loss rate of phytoplankton via a mechanism such as 
grazing. Regardless, it seems that one indicator of eutrophication, chlorophyll a, has declined 
recently in Tampa Bay. The annual averages of chlorophyll a illustrate major trends in the data 
that may not be seen using time series. Essentially all locations displayed peaks in 1979 and 
1983 and then after about 1984 chlorophyll a concentrations declined or remained steady (Figure 
11). It is also of interest to note that most stations in OTB had similar patterns over the 17 
years (Figure 11). Prior to 1984, particularly during the peak years of 1979 and 1983, the 
annual averages of chlorophyll a varied considerably between stations. Both years coincide with 
peaks in river flow and may reflect differences in the amount of flow and accompanying 
nutrients at stations in OTB. Figure 12 shows similar results for stations in LTB with Station 
96 having higher averages than other stations in that region. Compared to other stations in LTB, 
Station 96 had anomalous values for various parameters and therefore may have different 
controlling factors. One of the most interesting features displayed in the annual average plots 
is the coincidence in trends between chlorophyll a (Figure 11) and river flow (Figure 5). The 
river flow peak years of 1979 and 1983 coincide with the previously mentioned chlorophyll a 
peaks. However, the peak flow year of 1988 does not correspond to an increase in chlorophyll 
a. In fact, chlorophyll a is at or near its lowest average concentration in 1988 (Figs. 11 and 
12). This does not necessarily establish a cause and effect relationship between chlorophyll a 
and river flow. Such a relationship may be expected, however further complicating matters is 
the lack of a relationship between flow and total phosphorus concentration, a major nutrient for 
phytoplankton. 5 

Furthermore, the annual averages of chlorophyll a are inversely related to mid-depth 
salinity (Figure 13 and Table 1). The peaks in chlorophyll a concentration and river flow in 
1979 and 1983 correspond to some of the lowest salinity values. However, after 1985 the 
relationship breaks down with an increase in salinity despite the 1988 peak in river flow. Table 
1 contains correlation coefficients among chlorophyll a, salinity, and river flow at representative 
Stations for each bay segment. Potential relationships revealed in Table 1 
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FIG. 13. Annual averages for salinity sampled at mid-depth for OTB stations. 
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TABLE 1. Correlation coefficients calculated for the relationship between the trends i 
annual averages for salinity, chlorophyll a and total annual river flow rates. (A perfect 
positive or negative correlation will have a value of +1 or -1, respectively.) 


LOCATION STATION SALINITY FLOW SALINITY 
VS. VS. VS. 
CHLOROPHYLL CHLOROPHYLL FLOW 
HB 6 -0.078 +0.123 -0.696 
MTB 14 -0.526 +0.031 -0.703 
MTB 84 -0.407 +0.280 ‘-0.703 
OTB 38 -0.583 +0!a72 -0.657 
LTB 95 +0.169 +0.366 -0.248 


include the inverse relationship between chlorophyll a and salinity in OTB and MTB. This 
relationship suggests the intrusion of higher salinity, lower nutrient coastal water. Reduced 
freshwater flow allows intrusion of coastal water further up the bay. The strongest positive 
relationship between flow and chlorophyll a occurs in OTB only. This is not what was 
reflected in the annual averages. Lower Tampa Bay is not affected by river flow as much 
as the upper reaches of the bay and therefore a weak inverse relationship exists between 
salinity and river flow in LTB. 

The climatological means for chlorophyll a reveal three distinct patterns. In Figure 
14, Station 93 is characteristic of stations with a relatively low, constant chlorophyll a 
concentration through the winter and spring and then a late summer/fall maximum. All 
stations with this first pattern were located in either HB or LTB. The second pattern is an 
essentially linear increase up to the late summer/fall maximum as shown by Station 25. 
Station 19 exhibits the third pattern, a bimodal seasonal trend with peaks in early spring and 
late summer/fall. These differences in seasonal patterns imply different mechanisms 
controlling phytoplankton growth and biomass throughout Tampa Bay. Data of losses and 
gains of water column chlorophyll a, photosynthesis, and nutrient uptake are needed to 
assess these patterns more definitively. 

Climatological means are used in Figure 15 to elucidate a gradient in chlorophyll a 
from the mouth of Tampa Bay to HB. Each point represents a station selected on the basis 
of central location and greatest depth. Distance between stations was calculated in 
kilometers using the stations’ latitude and longitude. Between 30 and 40 kilometers the 
gradient becomes steep, possibly indicating an area of rapid loss for a material such as 
chlorophyll a. Data from July to December reveal the same pattern. This area of change 
is also demonstrated in the contour plot of chlorophyll a (Figure 16) via the convergence — 
of isopleths between HB and MTB. This area is located between Stations 16 and 81 (Figure — 
1). Other features important in the contour plot are the inward tending isopleths that seem 
to follow the shipping channel, areas of steep gradients near the rivers along the eastern 
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shore, and the high chlorophyll a concentrations in OTB and HB. This leads us to believe 
that HB is a source of chlorophyll a for the rest of Tampa Bay and the shipping channel is 
very important in the flow of water in and out of the bay. 


CONCLUSIONS 


Total Phosphorus decreased early in the time series but has remained relatively 
constant since 1982. In addition, major loadings in Total Nitrogen occurred from 1983-1984 
and again in 1987. Chlorophyll a concentrations were highest during 1979 and 1983 and 
since then a decline ensued overall. Annual average plots of these parameters show positive 
relationships with riverflow, especially during peak flow years. However, the relationship 
does not always hold true, particularly in the mid-1980s. Therefore, more information 
regarding nutrient loadings and phytoplankton biomass-controlling mechanisms are needed 
to better understand the spatial and temporal variability of these parameters in Tampa Bay. 
The contour plots reveal that Tampa Bay is influenced by coastal water processes. More 
knowledge regarding the circulation patterns within the bay would help in deciphering 
anomalous concentrations observed for various parameters measured. Understanding the 
flow patterns would also help to interpret the similarities and differences between locations 
throughout the four major bay segments. Furthermore, the impact of wet and dry seasons 
to the variability of mixing processes in Tampa Bay could be addressed more in depth. A 
synoptic sampling regime would enable us to further characterize Tampa Bay’s water quality 
parameters. 
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VEGETATION CHANGES AT A SARASOTA BAY 
TIDAL CREEK RESTORATION PROJECT 


G.A. BLANCHARD AND R. WILLIAMSON 


Mote Marine Laboratory, 1600 Ken Thompson Parkway, Sarasota FL 34236 
Lemon Bay Park, 570 Bay Boulevard, Englewood, FL 34233 


ABSTRACT: Local govemments constructed a model tidal creek community by restoring heavily impacted 
waterfront property on a Sarasota Bay fill island. The restoration created salt marshes, ponds, upland areas and 
beaches upon which extensive plantings of native plants completed the desired community. Quantitative quarterly 
monitoring of vegetation changes in three compartments (herbaceous vegetation, shrubs and trees) along permanent 
transects is being used to evaluate the success of the restoration project. Results from the first year of monitoring 
will be examined and emerging distributional trends in the herbaceous compartment discussed. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 


TAMPA INTERSTATE STUDY, HILLSBOROUGH COUNTY: 
IMPACTS ON HISTORIC RESOURCES 


J.M. WEANT 
Janus Research/Piper Archaeology, P.O. Box 919, St. Petersburg, FL 33731 


ABSTRACT: The proposed interstate expansion will affect a number of historic structures, including two National 
Register Historic Districts. The background of the interstate study and the affected neighborhoods are described. 
As the project uses partial Federal funding, historic resources which may be impacted directly or indirectly by the 
project must be identified and protected through the Section 106 process, which involves concemed parties at the 
local, State and Federal levels. Direct and indirect impacts and an overview of the Section 106 process are discussed 
in the context of the Tampa project as well as mitigative solutions. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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THE CONTINUED USE OF COPPER SULFATE PENTAHYDRATE 
IN THE HILLSBOROUGH RIVER RESERVOIR 


JACQUELINE C. HOHMAN* AND DEAN F. MARTIN 


Southwest Florida Water Management District, Resource Projects Department, 
Brooksville, FL 34609 
Institute for Environmental Studies, Department of Chemistry 
University of South Florida, Tampa, FL 33620 


ABSTRACT: The amounts of copper sulfate pentahydrate used as an aquatic herbicide and algicide in the Hillsborough 
River Reservoir, and the extended time of use may have a negative impact on the ecology of the area. In addition, the 
present means of algal control may not be the most effective in terms of ecology or economy. The river is sampled from 
the reservoir entrance near Temple Terrace to Lowry Park, including the treated area. Several parameters are 
considered, with primary interest focused on the disposition of the copper, which appears to precipitate near the point 
of application and accumulate in the sediment. The Hillsborough River is also compared to an extensive, 58-year study 
done on the Fairmont Lakes in southern Minnesota. 


The Hillsborough River has been treated with copper sulfate solution since about 1926, 
when it became the principal water supply for the city of Tampa. Treatment with copper sulfate 
pentahydrate is done seasonally. The water year begins the first of October and ends the 
thirtieth of September the following calendar year. The reservoir is treated only between the 
40th Street Bridge and the dam. There are eight zones in this area that are regularly monitored 
for algae. Figure 1 shows the zones and area of each. The total area of the Hillsborough 
Reservoir is 164.8 acres from the 40th Street Bridge to the dam; the treated zones total 111.7 
acres. The average volume is 490.4 million gallons. 

The Hillsborough Reservoir is treated almost daily during the summer. The 1990 
application rate ranged from 3.2 lbs CuSO,°5H,O/acre in zone 1 to 34.3 lbs CuSO,¢5H,O/acre 
in zone 8 (calculated from the worksheets provided by the Tampa Water Department). 
Treatment with copper sulfate solution begins in the springtime, determined by the weather and 
conditions, and continues as long as necessary into the fall. During the summertime, the 
reservoir is treated nearly every day. The last water year ended September 30, 1991, and no 
further treatment was required through winter (Habraken, 1992). The amounts of copper sulfate 
pentahydrate applied in the past five water years is as follows (Table 1). 

The amounts of copper sulfate pentahydrate applied by zone and date during the 1990 
water year were taken from the worksheets provided by the Tampa Water Department. The 
zones are sampled, algal blooms identified, then spot treated with copper sulfate solution. 
Tampa Water Production Office reports using less copper sulfate than in the past because they 
identify algae by variety and spot treat according to need. Copper sulfate is the algicide of 
choice because it is still the most effective and the least expensive means of control (Gianastasio, 
1991). 


3 Ms. Hohman was a graduate student at the University of South Florida during time of the study. 
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FIG. 1. Algae treatment zones and corresponding area in acres. 
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TABLE 1. Amounts of copper sulfate pentahydrate by water year”. 


Year Tons Kilograms 
1987 4.73 4,291 
1988 8.55 7,756 
1989 15.86 14,388 
1990 15.26 13,844 
1991 eZ 10,170 


*Habraken, 1991 


The amounts of copper sulfate pentahydrate used as an aquatic herbicide and algicide 
in the Hillsborough Reservoir and the extended time of use may have a negative impact on 
the ecology of the area. A government report gives guidelines to consider in the use of 
copper sulfate pentahydrate as an aquatic weed control; from zero to 50 parts per million 
(ppm) alkalinity, copper sulfate solution is fully effective, from 50 to 100 ppm alkalinity, 
additional copper sulfate pentahydrate is required, and above 150 ppm, the effectiveness is 
low (Bartley, 1976). Total alkalinity in the Hillsborough River is on the order of 150-200 
ppm. Based on the amounts of copper sulfate pentahydrate added to the river in the past 
five water-years (Table 1), and assuming the trend continued for the past 66 years (realizing 
that it may not be a valid assumption), about 1.5 million pounds of copper sulfate 
pentahydrate has been added to 111.7 acres of reservoir. The copper sulfate pentahydrate 
is approximately 25% copper, which means that about 367,000 pounds of copper in various 
combined forms has become part of the ecosystem. 


_ A comparative study. A chain of shallow lakes in southern Minnesota near the Iowa border 
was treated with copper sulfate pentahydrate for 58 years. Excellent records were kept, and 
the results of an extensive study were published (Hanson and Stefan, 1984). During the 
treatment period, 3.2 million ae of copper sulfate pentahydrate were applied to an area 
covering 1,180 acres. There are several similarities between the Fairmont Lakes and the 
Hillsborough Reservoir: Anabaena is the dominant genera, both are used as public water 
supplies, the total alkalinity is ial ea the same, they are both important recreational 
areas, and the land use percentages are quite similar, although the Tampa Bay area has had 
tremendous growth recently. The first copper sulfate treatment in the Fairmont Lakes was 
in 1921, and treatment was See in 1979. The copper sulfate applications in the 
Hillsborough Reservoir began in 1926 and still continue, for a period of 66 years thus far. 

Generally, only the first three meters of water are assumed to be treated, but for 
shallow water systems such as the Fairmont Lakes and the Hillsborough Reservoir, the 
entire volume is considered treatable (Cox, 1969). The treated portion of the Hillsborough 
Reservoir compares in size to Sisseton Lake, whose area is slightly smaller and volume is 
a bit larger. Budd Lake, like the Hillsborough Reservoir, has a water treatment plant on 
its shore. ; 
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The University of Minnesota and various state and local agencies carefully monitored 
the Fairmont lakes during the years of CuSO, -5H,O treatment. By the 1940s, the dosage 
needed to control the algae had increased two to four times. The state imposed a 
recommended dosage of 0.5 mg/l. Depending on the depth of the lake, this ranged from 
9.4 to 22.2 Ibs/acre. The five treated lakes were compared to five adjacent untreated lakes. 
After 25 years an increased amount of rough fish over game fish was noted in the treated 
lakes. By 1964, the sediment analysis yielded copper concentrations greater than 1000 ppm 
(mg Cu/kg dry weight). Bottom organisms were absent in two lakes and: almost extirpated 
from the other three. . 

Fish kills began in the early 1970s the amount of CuSO, °5H,O allowed was 
decreased in 1970, and then increased again in 1972. Even then, only one in ten treatments 
was effective. In 1972 treatment was restricted to Budd Lake, to enhance water quality for 
the municipal water treatment plant. In 1979 it was decided that it would be more cost 
effective to treat the water in the plant, rather than treating Budd Lake with CuSO, :5H,O. 
"High concentrations of copper in the sediments, oxygen depletion resulting from copper 
treatment, and lack of cost effectiveness prompted the Fairmont Lakes Commission to 
recommend the suspension of treatments after 1979" (Hanson and Stefan, 1984). Up to 
1,470 Ibs CuSO, -5H,O/acre had been applied over 58 years in the Fairmont lakes; in the 
Hillsborough River the average for the past five years is 996 Ibs CuSO, -S5H,O/acre, without 
considering the applications for the preceding 61 years. 

The short-term and long-term effects should be carefully considered. The short-term 
effects include oxygen depletion from a large amount of dead algae that causes anoxic 
reducing conditions and increases phosphorus (a nutrient for algal growth) release from the 
bottom. The algae population recovered in 7 to 21 days. There were seven major fish kills 
reported in the 1960s and 1970s due to either lack of dissolved oxygen, gills clogged with 
dead algae, or acute copper toxicity (Hanson and Stefan, 1984). The long-term effects noted 
include the accumulation of copper in the sediments causing the disappearance of 
macrophytes, and depletion of macroinvertebrates. In 1964, 15 years before treatment was 
suspended, Budd Lake had 5,600 mg Cu/kg sediment. In contrast, untreated Wilmert Lake 
had sediment copper concentrations of only 14 mg/kg. Measurements of a one-meter core 
sample indicated little downward migration of copper in the sediment. Certain algal species 
developed a copper tolerance and required dosages of up to 250 Ibs CuSO, :-5H,O/acre/ 
season. There was also a shift from game fish to rough fish, and a shift from green to blue- 
green algae. Most of the effects are reversible, after dredging the lakes. The most lasting 
effect appeared to be economic. There is a high cumulative cost for supplies and labor 
when compared to such temporary benefits. | 


MATERIALS AND METHODS 
The sites chosen for this work were near the treated area, beginning at the inlet to 


the reservoir at Fletcher Avenue and ending at Lowry Park, a distance of approximately 15.3 
miles. Sampling sites are listed in Table 2: 
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TABLE 2. Summary of sampling station locations. 


#1 Fletcher - at USF Riverside Park 

#2 Fowler - at Fisherman’s Landing 

#3 Busch - at Florida College 

#4 East of 56th Street - Riverhills Park 

#5 Rowlett Park - above the spillway at the dam 
#6 Rowlett Park - below the spillway (picnic area) 
#7 River Shore Road - at Florida Avenue 

#8 Lowry Park - at public boat ramp 


The first sampling trip on October 12, 1991 was conducted as a baseline for post- 
treatment data. The second trip was November 17, 1991 and the third, February 2, 1992. 
Based on the results of the first three trips, it was decided that a fourth trip on February 20, 
1992 would be by canoe in the treated portion of the reservoir for the purpose of obtaining 
sediment samples. 

To prepare for sampling, all containers were washed with hot soapy water, rinsed well 
with tap water, followed by a rinse with deionized water. Half-liter Nalgene™ bottles were 
also rinsed with 1M HNO, to avoid the possibility of metal contamination when analyzing 
for copper. A one-liter amber plastic bottle was used to collect samples for pH, dissolved 
_ oxygen, and total alkalinity. These samples were put into a cooler containing ice 
immediately after collecting, and stored under refrigeration upon returning to the lab. 

For the determination of nitrate and nitrite concentration, the water was collected 
in a glass B.O.D. bottle, placed into an ice-filled Igloo cooler, and refrigerated in the lab 
(0-4°C). 

A half-liter Nalgene™ bottle was used to collect water for the total copper analysis. 
These samples were preserved with 8M HNO, (pH <2), which precluded the need for 
refrigeration. 

The sediment samples were collected from the top few centimeters of substrate by 
scraping directly into a 3 oz. (96.2 ml) plastic souffle cup (Solo no. P325), water was 
decanted and the cup was covered with a lid (Solo no. PL4). The samples were 
unpreserved, but were put into ice in a cooler, then stored under refrigeration before being 
dried and prepared for analysis. 

In addition, field blanks were taken at the first sampling site. The field blanks 
consisted of deionized-distilled water that was carried to the sampling site and poured into 
containers for each parameter of interest. The blanks were treated the same as the samples 
with regard to preservation. By analyzing field blanks with the samples, any positive results 
found in the blanks can be subtracted from the sample results. Duplicates were taken every 
ten samples, and analyzed along with the samples. A summary of the containers, 
preservation techniques, and hold times (given as recommended/regulatory) are shown 
(Table 3). 
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TABLE 3. Summary of sampling requirements* 


Parameter Container Preservative Hold time 
Alkalinity P/G refrigerate 24h/14d 
Metals G/A,P/A _ filter, HNO, 6 mos/6 mos 
Nitrate /Nitrite P/G refrigerate none/28d 
Dissolved oxygen G, BOD 8 hrs/8 hrs 
pH 2 hrs/stat 
Temperature immediate 

* APHA, 1989 


P/G = plastic or glass 

G/A = glass, acid rinsed 

P/A = plastic, acid rinsed 

BOD = biological oxygen demand bottle 


Tests were performed in the field and the laboratory. Field tests included 
temperature, taken with a glass mercury thermometer; pH and total alkalinity were 
determined in the field with a Blue Devil™ swimming pool test kit. New chemicals were 
purchased for this purpose. Upon returning to the lab, pH was verified with a pH meter 
(Chem-trix 40E), dissolved oxygen was determined with a YSI model 57 D.O. meter. Total 
alkalinity was determined by potentiometric titration with standardized 0.1000M HCI to a 
fixed end point of pH 3.7 using Method 2320 (APHA, 1989). 

For the nitrogen analyses, nitrates and nitrites were determined by the method of 
Braman and Hendrix (1989). Nitrates were reduced to NO in acidic vanadium(III) solution 
(pH <1) at elevated temperature (80-90°C) and NO was detected by a chemiluminescence 
detector. Nitrites were reduced to NO in acidic iodide solution, and again, the NO was 
detected by a chemiluminescence detector. 

The sediment samples were oven-dried overnight at 100°C, then ground to a fine 
powder in a tungsten carbide analytical mill, manufactured by Janke & Kungel KG. 
Weighed samples were treated with 5ml 18M HCl followed by 10ml 16M HNO,, then 
heated to boiling to effect dissolution of the metals. The acidified sample was filtered to 
remove any particulate that might block the aspirator or build up on the burner head during 
analysis. Filtered samples were diluted to 50.0ml in a volumetric flask. The copper was 
analyzed by flame atomic absorption spectrometry using AAS Method 3111 (APHA, 1989). 


RESULTS 


Sampling results confirm what was already known, that environmental systems are 
dynamic and influenced by the weather, the watershed and the land use in the watershed. 
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None of the parameters looked at in this study were outside of limits set by Florida 
Department of Environmental Regulation for Class III surface waters (Fernald and Patton, 
1984). The primary concern is the amount of copper sulfate pentahydrate added to the 
Hillsborough Reservoir, and the ramifications associated with the additions. Aqueous 
copper, either complexed or as the free metal ion, was not found in any of the water 
samples in this study. Total carbonate alkalinity averaged 150mg/l. The copper ion 
concentration, extracted from the sediment is reported as ug Cu’* /kg dried sample (ppb). 
Copper is present in all sediment samples, though not in the high concentrations that were 
expected. The concentrations of copper extracted from sediment samples ranged from 760 
to 20,910 ppb. The highest concentration was found at the sampling location furthest 
downstream, at Lowry Park. It was previously noted that copper does not transport well 
beyond its area of application (Martin et al., 1990). One explanation for this relatively high 
occurrence of copper is the construction that was ongoing at the boat ramp. There were 
sandbag barriers, and the possibility exists that the fill came from another source. Another 
possibility is that the copper was chelated by humic substances present in the water and 
transported beyond the point of application. The pH is in line with the alkalinity, ranging 
from 7.4 to 8.0 pH units. The alkalinity and pH field tests were compared to lab results. 
The agreement was generally good. Sediment copper concentrations varied with the highest 
concentration consistently at Lowry Park. 

The water was analyzed for nitrate and nitrite concentration by the method of 
Braman and Hendrix (1989). Nitrate concentrations were highest at the first three stations, 
lowest at the fourth, and ranged from 390 to 650yg/1 (ppb) below the spillway. Nitrate 
nitrogen comes mainly from rainfall and resulting runoff (Fernald and Patton, 1984). The 
nitrite concentrations were barely detectable, even with a relatively large (400 uL) sample 
injection. None of these results were unusual or unexpected. U.S.G.S. data collected at the 
intersection of the Hillsborough River with Fowler Avenue near Temple Terrace (U.S.G:S., 
1991) was compared to the data collected in this study. The location corresponds to 
sampling station #2 in this study. The agreement between this study and the U.S.GS. data 
for temperature, pH, nitrate, and aqueous copper is good. The nitrite level is again quite 
low. Dissolved oxygen measurements were included to show that during warm ambient and 
corresponding warm water temperatures, the D.O. level occasionally falls below the 5.0mg/1 
(ppm) standard for Class III surface waters set by the Florida Department of Environmental 
Regulation. 


CONCLUSIONS 


Treatment with copper sulfate solution is the current method of controlling algae in 
the Hillsborough Reservoir. The Fairmont Lakes Commission recommended suspension of 
copper treatments after 1979, due to the high copper concentrations found in the sediment, 
oxygen depletion resulting from treatment, and a lack of cost effectiveness. During the 
Fairmont Lake study it was brought out that following copper sulfate treatment, phosphorus 
necessary for algae growth, is actually recycled from the lake bed, allowing algae regrowth 
within 7 to 21 days. Under the reducing conditions of oxygen depletion, H,S is released 
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from the bottom resulting in FeS precipitation. If enough of this very stable FeS is 
precipitated, sufficient amounts of iron are removed from the water to keep the phosphates 
in solution that would ordinarily be precipitated by the iron (Hanson and Stefan, 1984). 
Water quality data from the Hillsborough River at Fowler Avenue indicates a concentration 
of 360 ppb of total recoverable iron in the water sample of October 18, 1990 and 150 ppb 
in the May 21, 1991 sample (U.S.G:S., 1991). The higher iron concentration appears during 
a period of non-treatment, while the lower concentration is during the algae treatment 
season. So the phosphate recycling due to oxygen depletion from dead algae is a situation 
that should be considered. 

Additionally, the total alkalinity of the two water systems is similarly high. It has 
been shown that copper sulfate treatment of waters with alkalinity in excess of 150 ppm is 
considered ineffective (Cox, 1969). 


Suggestions for further study. Data thus far indicate that copper is not subject to 
transportation far beyond the point of application, yet the station that consistently had the 
highest concentration of copper in the sediment was the one furthest downstream, 
approximately 2.8 miles below the spillway. Further studies might include a sediment profile 
of the river downstream of the spillway. 

Sample results also indicate that copper is present in the sediment. But the current 
method of copper sulfate application, and the constant variation in river stage, shows that 
the method employed for sediment sampling may not have given an accurate profile of 
copper concentrations in the river bed. The samples were taken from the shallow water 
along the shoreline, and the shoreline changed for each set of samples. The copper sulfate 
solution is sprayed from boats, which means that the shoreline is generally inaccessible for 
treatment due to obstructions and shallow water. One attempt to obtain sediment samples 
within the treated portion of the reservoir from a canoe was unsuccessful. The sediment 
was again in relatively shallow water so that it could be reached from the canoe. But the 
river bottom in these areas was covered with dead or rooted vegetation. A more 
representative sample should be obtained from an area toward the middle of the water, 
where solids naturally accumulate in a V-shaped channel. 

In Minnesota, a study was done in 1979 to address the cost effectiveness of treating 
the municipal water supply at the plant on Budd Lake. It was found that treating influent 
algal concentrations in the plant, rather than treating the lake, was more economical 
(Hanson, 1981). A similar study of the cost effectiveness of treating the Hillsborough River 
may be in order. 

In addition to alternate sampling procedures for copper analysis, further studies might 
include checking the sediment for organism distribution, and comparing the results with the 
organism distribution in an untreated area of the river. Additionally, the City of Tampa 
records could be researched to ascertain the long-term effects of copper sulfate application, 
such as a shift from green to blue-green algae, and a shift from game fish to rough fish in 
the river. As a final observation, alternative forms of treatment should be actively 
investigated because the copper build-up in the sediment has been shown to have a negative 
ecological impact. 
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PRELIMINARY RESULTS AND ANALYSIS OF MONITORING OF 
AMBIENT WATER QUALITY AND RUNOFF TO NEARSHORE 
WATERS IN PINELLAS COUNTY 


DONALD D. MOORES 
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Ambient surface water monitoring in Pinellas County has been limited and sporadic 
in the past. The Environmental Protection Commission of Hillsborough County has 
monitored throughout Tampa Bay, including eight stations in Pinellas County, since 1972. 
The City of St. Petersburg monitored extensively from 1973 through 1982, and the City of 
Clearwater monitored sites within its corporate limits from 1973 to 1989. 

Other ambient monitoring has tended to represent short-term projects designed for 
specific purposes. Farrell (1975) reported on six months of sampling from 31 sites in Boca 
Ciega Bay and adjacent waters. Goodwin et al. (1975) reported data for a large number of 
parameters from 95 sites throughout Tampa Bay. Saloman et al. (1968) and Saloman and 
Collins (1972) reported on ambient water quality from Tampa Bay and the adjacent Gulf 
of Mexico measured during 1965-66 and 1972, respectively. Most recently, Pinellas County 
Department of Environmental Management documented conditions in Allen’s Creek during 
- 1987 (Hooper et al., 1990). There have been a number of other short-term studies including 
samples of stormwater runoff in Pinellas County waters. 

In 1989, Pinellas County Government adopted significant revisions to its local 
government comprehensive plan. The goals of this revised plan included conservation, 
protection and restoration of the quality of county waters; conservation and protection of 
natural communities and wildlife habitat; protection of the coastal area to maintain or 
enhance water quality, biodiversity and estuarine productivity, and management of 
stormwater to protect and enhance water quality of county waters. With respect to water 
quality, the county’s objectives are to: 

-Establish an ambient water quality monitoring program; 

-Prioritize the waters of the county on the basis of monitoring results; 

-Prepare and implement watershed specific management plans; and 

-Achieve measurable improvements in water quality. . 


The county initiated its surface water monitoring program in October, 1990. The 
station network has been designed to meet the goals of the comprehensive plan, specifically, 
to characterize the relative priority of each receiving water for development of management 
plans, to identify those tributaries contributing the greatest contribution of pollutants, and 
to provide a baseline for evaluating the impacts of management programs on receiving water 


quality. 


No. 2, 1995] SPECIAL PUBLICATION 93 


This report constitutes a summary of the findings from the Pinellas County ambient 
surface water monitoring program from October, 1990 through December, 1991. 


STATION LOCATIONS 


In October, 1990 Pinellas County began monitoring water quality at sites throughout 
the county. The network initially included 94 stations, some of which (primary stations) 
were sampled monthly, and others (secondary stations) sampled every other month. 

Currently the monitoring network includes 140 stations: 69 primary, 37 secondary. 
Lake Seminole is monitored twice monthly and Lake Tarpon is monitored monthly, or twice 
monthly when the water temperature is 20°C or greater. At least one primary site is located 
near the point of discharge for most of the county’s 52 drainage basins. These stations will 
allow the county to measure the quality of drainage into receiving waters from the respective 
basins. Stations are also located at critical sites such as points where major tributaries join 
the basin’s main channel to help to illustrate differences in runoff quality, such as from 
different land uses. Other stations are located in the nearshore areas such as bayous and 
inlets, to identify possible impacts to receiving waters from the drainage basins influencing 
them, since impacts would be more likely to occur in these partly-enclosed areas than in 
open bays or lakes. Finally, there are stations in the bay or lakes which are the ultimate 
receiving waters. These sites will serve to indicate longer term trends and general overall 
water quality. 


METHODS 


Physical parameters including temperature, pH, dissolved oxygen (DO), conductivity, 
oxidation-reduction potential, and salinity, are measured using a Hydrolab Surveyor II. 
Surface readings are taken at a depth of 0.1m at all sites. If the water depth is 0.6m to 
1.0m, data are recorded for surface and bottom. For depths greater than 1.0m, data are also 
recorded at the mid-depth of the water column. 

Lake and stream water samples are collected at 0.1m depth to maximize the sampling 
of stormwater runoff from the watershed. In Tampa Bay and the Intracoastal Waterway the 
samples are collected at mid-depth using a horizontal Alpha bottle water sampler. 

All water samples, excluding those for turbidity determination, are relinquished to 
the Pinellas County Water Department for analysis at the Water Department’s Logan 
Station laboratory. Analytical methods and quality criteria are in accordance with 40 CFR 
Part 136. 


DATA EVALUATION 
Results were evaluated in terms of standards or other evaluative criteria for each 


parameter of interest. Where a standard exists in Ch. 17-302, Florida Administrative Code 
(FAC), for a given parameter, data were compared to the appropriate standard for the 
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water body. Where a standard does not exist, results were compared to typical values for 
the water body type in Friedemann and Hand (1989 and 1992). The values selected from 
Friedemann and Hand are the 80th percentile values for all water bodies of the type being 
evaluated. For chlorophyll a, the Agency on Bay Management goals (Tampa Bay Regional 
Planning Council, 1989) were used where appropriate, including creek mouth stations in 
those applicable parts of the bay. For each station all values obtained during the sample 
year above the target value were given point scores as follows: 


Always meets 17-302 standard 


(if one exists) score 0 
Always within 80th percentile 

if no 17-302 standard exists score 0 
Exceeds standard (or 80th percentile) 

less than 25% of samples score 1 
Exceeds standard or 80th percentile 

26-50% of samples score 2 
Exceeds standard or 80th percentile 

51-75% of samples score 3 
Exceeds standard or 80th percentile 

76-100% of samples score 4 


To account for the difference in small and large exceedances, additional weight was 
given to the degree to which the data exceed the targets, as follows: 


25% or less are more than twice 


the 80th percentile add 1 point 
26-50% are more than twice 

the 80th percentile add 2 points 
51-75% are more than twice 

the 80th percentile add 3 points 
greater than 75% are more than twice 

the 80th percentile add 4 points 


There are several Ch. 17-302, FAC, standards that vary for Class I] & III, and for 
fresh or marine. Stations in Tampa Bay around to the Pinellas Bayway are considered Class 
II, including the "marine" stations in the mouths of creeks. Boca Ciega Bay north of the 
Pinellas Bayway, St. Joseph’s Sound, and all freshwater lakes and streams are considered 
Class III (Ch 17-3, FAC). 


Streams are considered marine if their salinity values are 1.5 parts per thousand or 
greater (Ch. 17-302.200(20), FAC). For this reason, the majority of our creek mouths are 
considered "marine" and were compared to the marine standard. 
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COMPARISON OF BASINS 


An evaluation matrix has been constructed (Table 1) ranking each station in terms 
of the degree to which it exceeds evaluative criteria for each of the parameters monitored. 
Each station has been assigned point scores for each parameter as described above. 

While stations have been ranked in the matrix irrespective of their type, caution must 
be exercised in attempting to make comparisons about stations of different types. As 
described previously, some stations are intended to measure the quality of runoff, while 
others are intended to measure the quality of areas within the receiving waters. In the 
matrix, each station has been identified as to type. Creeks, ditches, and other sites which 
contain water running off the land are called Discharge. Bayous, tidal inlets and other 
nearshore stations where impacts from runoff would be most immediately apparent are 
called Nearshore. Open water stations are either Lake or Bay. 

It is also important to point out that this matrix consists only of a comparison among 
stations in terms of water chemistry, and as such, constitutes only a part of the county’s 
evaluation. In carrying out its responsibility under the county's comprehensive plan to 
prioritize watersheds for management, factors other than water quality, such as habitat 
quality and wildlife utilization, are also being considered. 

In the matrix, stations have been listed in terms of overall score, with the highest 
score reflecting the most frequent or most severe degree of impairment. As can be readily 
seen, the Drainage sites are generally those most frequently or severely impaired, while 
Lake and Bay stations tend to be among the least impaired. The column for each 
parameter has also been totalled, the greatest totals reflecting the most frequently exceeded 
evaluative criteria. The most frequently impaired stations are listed in Table 2. Since 
microbiological evaluative criteria were most frequently exceeded, they tended to dominate 
the ranking of stations in terms of impairment. As a result, Table 3 is shown, listing the 
stations most frequently impaired in terms of all parameters except microbiological ones. 

Finally, Tables 4 and 5 list those stations which are least impaired in terms of overall 
water quality, and in terms of all parameters excluding microbiological ones, respectively. 
Lake Chautauqua and the north end of Lake Tarpon were among the top-rated locations 
in both cases. A somewhat surprising result is the number of Boca Ciega Bay sites which 
were among the least impaired, considering the fact that Boca Ciega Bay has in the past 
been considered a highly impaired system (Farrell, 1975). Since the most recent detailed 
study by FDER in 1975, several sewage treatment plants have ceased to discharge in this 
area, a fact that may have contributed to the apparent improvement. A more detailed 
comparison of these data to earlier results is currently underway. 
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TABLE 1. Ambient Site Matrix for 1991 Data. Scores are points assigned for standard 
violations. 


Site pH DO Turbidity Biochemical Total Nitrite— Nitrite Ortho ChlA Total Fecal Fecal Score - Type 
Oxygen Suspended Nitrate Phos. Coliform Coliform Strep 
Demand Solids 


42-01 OF 3 4 0 5 22 0 2 8 8 8 47 Discharge 
24-03 QO 7 0 2 0 6 8 1 0 7 8 8 - 47 Discharge 
23-01 Od, 0 2 0 6 8 0 0 8 8 8 47 Discharge 
11-01 O 4 5 3 6 0 0 0 4 8 8 8 46 Nearshore 
41-01 0 6 4 5 1 5) 1 0 0 8 8 8 46 Discharge 
49-01 OS 2 5 1 0 2 0 6 7 8 8 44 Discharge 
05-01 5) 3 3 4 0 0 0 3 8 8 8 . 42 Discharge 
24-02 OG 0 3 1 2 4 1 3 6 8 8 42 Discharge 
18-01 O 4 0 6 1 7 1 0 5) 3 =) 8 40 Discharge 
33-01 Ons4 1 6 2 0 0 0 4 7 7 8 39 Discharge 
22-01 OR 5 0 1 0 6 1 0 1 8 8 8 38 Discharge 
05—02 Ona 4 2 2 2 0 0 0 3 8 8 8 37 Discharge 
31-01 to 0 2 0 1 0 0 1 8 8 8 37 Discharge 
19-01 0 4 1 4 1 0 0 0 6 5) 8 8 37 Discharge 
52-01 OS 0 5 1 0 0 0 0 8 8 8 36 Discharge 
21-01 Oar 5 5 3 2 2 0 0 4 7 i) 36 Discharge 
17—02 O07 74 4 3 5) 3 1 0 2 0 6 8 36 Discharge 
43-01 O 2 1 5 2 0 0 0 5 6 7 8 36 Nearshore 
12-01 OS) 3) 2 2 1 0 0 0 8 8 8 35 Discharge 
15-01 OG 1 4 0 4 1 0 3 1 6 8 34 Discharge 
51-01 Om a 2 4 2 0 0 22 3 3 5 6 34 Discharge 
34-01 Or 7 0 0 2 0 1 0 0 8 8 8 34 Discharge 
19-02 0 3 0 4 0 0 0 0 6 5 8 8 34 Discharge 
40-01 O 4 1 0 0 3 1 0 0 8 8 8 33 Discharge 
10-01 0 4 1 4 1 4 0 0 3 3 5 8 33 Discharge 
44-01 Oine3 0 2 0 0 0 1 2 8 8 8 32 Nearshore 
13-01 OH) & 0 1 0 1 0 0 0 8 8 8 32 Discharge 
14-01 OR eaS 2 0 2 0 0 0 0 8 8 8 31 Discharge 
02-02 Or 22 2 6 4 0 0 8 8 0 0 0 30 Discharge 
17-01 1 0 0 1 1 6 1 1 2 1 8 8 30 Discharge 
30-01 OW) S 0 1 0 0 0 0 1 7 8 8 30 Discharge 
09-01 OY 5 3 5 2 0 0 0 2 2 3 8 30 Discharge 
48-02 OR 0 6 0 4 2 0 6 0 1 8 29 Discharge 
26-01 Sead 4 4 8 0 0 0 5 3 1 OFF ii2z9 Lake 
39-01 One 1 5 0 1 1 0 3 1 8 8 29 Discharge 
27-01 0.03 0 4 2 3 1 0 1 1 5 8 28 Discharge 
45-01 0 4 2 4 2 0 0 0 2 2 3 8 27 Discharge 
29-01 0 4 4 4 3 0 0 0 6 0 2 S) 26 Discharge 
31-02 OF, 45 0 0 0 0 0 0 0 4 7 8 24 Nearshore 
26-02 PDS ell 4 3 1 0 0 0 5 1 1 OF 224 Lake 
48-01 Oyad 0 3 0 0 0 0 22 Ss) 5 6 23 Nearshore 
35-01 0 6 0 1 4 0 1 0 2 3 3 3 23 Discharge 
02-01 Oia tel 2 6 0 0 0 0 Oo 0 0 8 23 Discharge 
35-02 74 0 3 1 4 0 0 3 0 2 8 23 Discharge 
30-02 OSs 0 0 0 0 0 0 0 8 5 2 23 Discharge 
08-01 On 2 2 4 2 0 0 0 4 0 1 8 23 Discharge 
25-01 Qo 4 Z 4 5 0 0 0 7 0 0 0 22. Discharge 
01-05 Oy 2 0 5 0 0 0 0 8 0 0 8 22. Nearshore 
24-01 O 4 3 4 4 0 0 0 5 0 0 1 21 Nearshore 
25-02 Ot 2 8 3 0 0 0 7 0 0 0 21 Discharge 
01—06 0 1 0 4 0 1 0 0 7 0 0 8 21 Nearshore 
26-10 0 4 4 7 0 0 0 4 1 0 O yen Lake 
01-04 0 2 0 4 0 0 0 0 7 0 0 8 21 Nearshore 
26-05 7a 1 4 6 0 0 0 5 1 0 0 20 Lake 
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TABLE 1. Ambient Site Matrix for 1991 Data. Continued. 
Site pH DO Turbidity Biological Total Nitrite— Nitrite Ortho ChlA Total Fecal Fecal Score Type 
Oxygen Suspended Nitrate Phos. Coliform Coliform Strep 
Demand Solids 

26-06 1 3 1 4 6 0 0 0 4 1 0 0 20 Lake 
32-01 0 1 0 2 0 0 0 0 2 4 4 7 20 Nearshore 
04—02 os 8 0 2 3 0 0 0 1 0 0 3 20 Discharge 
07-04 0 0 1 6 0 0 0 0 4 0 0 8 19 Nearshore 
63-01 0 3 0 2 3 0 0 0 2) 1 1 7 19 Bay 
S0-—01 0 1 1 4 0 0 0 0 1 2 3 7 19 Nearshore 
26—09 1 0 3 3 8 0 0 0 4 0 0 0 19 Lake 
10-02 0 0 0 1 2 5 1 0 0 2 6 2 19 Discharge 
26-08 1 1 2 3 7 1 0 0 3 0 0 0 18 Lake 
06-01 0 4 0 0 2 4 2 1 0 1 2 2 18 Discharge 
56-01 0 1 2 2 3 0 0 0 2 0 0 7 17 Nearshore 
07-01 0 1 0 4 0 0 0 0 3 0 0 8 16 Nearshore 
$8-01 0 1 ” 0 3 0 0 0 2) 0 0 8 16 Nearshore 
56-02 0 1 1 3 1 0 0 0 2 0 0 7 15 Nearshore 
01-01 0 1 0 0 2 0 0 0 0 0 4 8 15 Nearshore 
54-01 0 1 1 2 2 0 0 0 1 0 0 8 15 Bay 
55-01 0 1 1 2 2} 0 0 0 2 0 0 7 15 Bay 
06 —02 1 1 0 4 2 0 0 0 6 0 0 0 14 Lake 
55-03 0 0 0 3 0 0 0 0 2 0 0 8 13. Nearshore 
57-01 0 0 1 1 3 0 0 0 1 0 0 7 13 Bay 
62-02 0 0 0 3 0 0 0 0 2 0 0 8 13. Nearshore 
04-01 0 7 1 0 1 1 0) 3 0 0 0 0 13 Discharge 
08-02 0 1 0 3 0 0 0 0 3 0 0 6 13. Nearshore 
62-01 0 0 0 2 2 0 0 0 1 0 0 8 13. Nearshore 
54-03 0 1 0 4 1 0 0 0 3 0 0 4 13. Nearshore 
55-02 0 0 1 3 1 0 0 0 0 0 0 8 13 Bay 
26-04 0 3 0 4 3 0 0 0 2 0) 0 0 12 Lake 
14-03 O 4 0 0 1 1 2 0 0 1 3 0 12 Discharge 
59-01 0 0 1 1 2 0 0 0 1 0 0 7 12 Bay 
27-03 0 1 0 3 1 0 0 0 6 1 0 0 12 Lake 
07-02 0 1 0 3 0 0 0 0 1 0 0 7 12 Nearshore 
01-02 0 0 0 3 0 0 0 0 0 0 0 8 11 Nearshore 
59-03 0 0 0 2 0 0 0 0 2 0 0 7 11 Nearshore 
54-02 0 0 0 3 1 0 0 0 0 0 0 6 10 Bay 
46-01 LU eae | 1 0 3 0 0 0 0 2 i 2 10 Discharge 
01-63 0 2 0 0 0 0 0 0 0 0 0 8 10 Discharge 
20-01 0 } 0 2 0 2 0 0 2 1 0 1 10 Discharge 
58-02 0 0 7 0 0 0 0 0 0 0 0 7 9 Bay 
60-01 0 1 0 0 0 0 0 0 0 0 0 8 9 Nearshore 
60-03 0 1 0 0 0 @) 0 0 0 0 0 8 9 Nearshore 
60—04 0 0 0 0 0 0 0 0 1 0 0 7 8 Bay 
11-02 0 2 2 0 2 0 0 1 0 0 1 0 8 Discharge 
27-02 1 1 0 2 3 0 0 0 0 0) 0 0 7 Lake 
07-0 4 0 2 0 1 0) 0 0 0) 0 0 0 7 Lake 
59-02 0 0 0 0 0 0 0 0 0) 0) 0 7 7 Nearshore 
60—02 0 0 1 0 2 0 0 0 0 0 0 2 5 Nearshore 
35-08 Oe 2 0 0 0 0 0 0 0 0 0 2 4 Discharge 
03-09 0 2 0 0 0 2 0 0 0 0 0 0 4 Lake 
03-16 0 2 0 0 1 0 0 0 0) 0 0) 0 3 Lake 
03-29 0 1 0 0 0 0 0 0 0 0 0 0 1 Lake 
03-22 0 1 0 0 0 0 0 0 0 0 0 0 1 Lake 
03-38 0 1 0 0 0 0 0 0 0 0 0 0 1 Lake 
14-02 0 1 0 0 0 0 0 0 0 0 0 0 1 Lake 
Totals 22 272 104 270 174 91 44 19 236 231 296 573 2332 
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TABLE 2. Eleven most impaired sites, based on frequency and severity of exceedances of 
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evaluation criteria. 


Site 


42-1 
24-3 
23-1 
11-1 
41-1 
49-1 
24-2 


5-1 

18-1 
33-1 
2a 


TABLE 3. Eleven most impaired sites, based on frequency and severity of exceedances of 


45th Ave Northeast Canal 
Cross Bayou Canal at US 19 
Roosevelt Basin 

Possum Branch 

North Coffee Pot Bayou 
Salt Creek 

Cross Bayou Canal at 
SR686 & 49th St 
Moccasin Creek, Oldsmar 
Stevenson’s Creek 

70th Avenue North Canal 
Long Branch Creek 


Total score 


47 
47 
47 


evaluation criteria, non-microbiological parameters only. 


Site 


2-2 
26-1B 
18-1 
24-3 
23-1 
42-1 
2 
26-2 
41-1 
25-1 
11-1 


Innisbrook Discharge Canal 
Lake Seminole 

Stevenson’s Creek 

Cross Bayou Canal at US 19 

Roosevelt Basin 

45th Ave. Northeast Canal 

Coastal Zone 1 

Lake Seminole 

North Coffee Pot Bayou 

Lake Seminole Bypass Canal 

Possum Branch 


Total score 
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Type 


Discharge 
Discharge 
Discharge 
Nearshore 
Discharge 
Discharge 


Discharge 
Discharge 
Discharge 
Discharge 
Discharge 


Type 


Discharge 
Lake 

Discharge 
Discharge 
Discharge 
Discharge 
Discharge 
Lake 

Discharge 
Discharge 
Nearshore 
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TABLE 4. Eleven least impaired sites, based on frequency and severity of exceedances of 
evaluation criteria. 


Site Total score Type 
14-2. Lake Chautauqua 1 Lake 

3-38 Lake Tarpon 1 Lake 

3-29 Lake Tarpon 1 Lake 

3-22 Lake Tarpon 1 Lake 

3-16 Lake Tarpon 3 Lake 

35-3. Joe’s Creek 4 Discharge 
3-9 Lake Tarpon 4 Lake 

60-2 Boca Ciega Bay 5 Nearshore 
59-2. Boca Ciega Bay 7 Nearshore 
7 Hidden Lake i Lake 

27-2 Taylor Lake 7 Lake 


TABLE 5. Eight least impaired sites, based on frequency and severity of exceedances of 
evaluation criteria, non-microbiological parameters only. 


Site 


Tes 
3-38 
3-29 
3-22 
60-1 
14-2 
60-3 
60-4 


Boca Ciega Bay (south) 


Lake Tarpon 

Lake Tarpon 

Lake Tarpon 
MacPherson Bayou 
Lake Chautauqua 


Tierra Verde, Pine Key Cutoff 


Total score 


peek pe ed CS 


Boca Ciega Bay, Gulfport Middle 


Ground 


CONCLUSIONS 


Type 


Nearshore 


Nearshore 
Lake 
Nearshore 


Bay 


The use of percentile ranking criteria from Friedemann and Hand (1989 and 1992), 
coupled with the use of the matrix for ranking in terms of exceedances, has proven a 
valuable tool for comparing water quality from diverse stations, not only to one another, but 
to other water bodies of similar characteristics in Florida. 

The County will continue to analyze results for specific areas in comparison to earlier 
Studies in order to document changes which have occurred in water quality, and potential 


Causes. 
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A MAP OF ELEMENTAL CARBON CONCENTRATION 
OF THE AIR AROUND TAMPA BAY, FLORIDA, 1990-1991 


JON LEONARD AND R. DEL DELUMYEA 


Millar Wilson Laboratory for Chemical Research, 
Jacksonville University, Jacksonville, FL 32211 


ABSTRACT: Recently, elemental carbon (EC) particles have been found in the lungs of dolphins. The question 
arose as to whether these particles originated over land or water. This project undertook to determine the amount 
of particulate EC found in Florida’s air. Portions of particulate filters and associated data collected during the 
period from 1/90 through 12/91 were provided by the Florida Department of Environmental Regulation. Using 
reflectance spectroscopy and laboratory-generated standards, atmospheric concentrations of EC were determined. 
These data are being used in a companion study to plot the temporal changes in EC concentration over the state; 
a “Carbon Map". This paper addresses the data from those counties which surround Tampa Bay. 


In the spring of 1992, a television news promotion reported that researchers at Mote 
Marine Institute had found black carbon particulates in the lungs of dolphins (reported as 
"dolphins with Black Lung Disease..."). The dolphins were found in the Gulf of Mexico 
off the coast of Florida (Rawson et al., 1991). In discussions with the principal investigator 
of the dolphin study, the question arose as to whether these particulates came from urban 
or marine sources. No comprehensive investigation of soot concentrations in the air over 
Florida were available. As part of a related study, the elemental carbon (EC) content of 
urban particulate matter across the State of Florida was determined (Leonard, 1993). This 
is the first step toward answering whether urban concentrations of EC were sufficient to 
contribute measurably to EC found in the marine environment. Future efforts will address 
the marine sources of EC. 

Elemental carbon is a product of incomplete combustion, most commonly termed 

soot". Common urban sources of EC in particulate matter include both mobile sources 
(diesel-powered buses, cars, and trucks) and point sources (incinerators, power plants and 
home heating units). In order to address air quality of urban areas, the State of Florida 
operates environmental monitoring stations in selected municipalities around the state. At 
these stations, which were sited according to EPA requirements (USEPA, 1987a), Total 
Suspended Particulate samples were collected using the accepted methods (USEPA, 1987b). 
These samples were suitable for EC analysis. Sampling sites in thirteen counties were 
chosen for such analysis, based on population and population density of the county. The 
most recent set of samples (the years 1990 and 1991) were analyzed for EC content using 
reflectance SSeS Elemental carbon concentrations were calculated in micrograms 
per cubic meter (ug/m”). In the companion study, these data were used in a time-lapsed 
animation showing how elemental carbon concentration changes with time over the State 
of Florida. In the present study, the results of analysis of samples from stations around 
Tampa Bay are discussed. 
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METHODS 


Sample Collection The standard methods (USEPA, 1987b) (HIVOL or PM-10) for 
collecting total suspended particulate matter (TSP) were used. The mass of particulate 
matter was determined by weight gain of pre-weighed high purity quartz micro-fiber filter 
mats and the concentration determined from the total volume of air drawn through the 
filter. Sampling data (date, TSP and total volume sampled) and sections of the filter mat 
were provided by each site supervisor. 


Reflectance Analysis Elemental carbon loadings on the filters were determined by 
reflectance spectroscopy. The reflectometer consisted of a tungsten-filament bulb, chopper, 
sample holder (at 45 degrees to the light beam), and photomultiplier (at right angles to the 
incident beam). Since elemental carbon is black, the intensity of light reflected (reflectivity) 
is inversely proportional to the amount of EC on the filter. Standards were generated by 
drawing soot from a butane flame onto filters in an enclosed chamber. The EC loading of 
the standards was determined by weight gain of the filters. Reflectance, R, is defined 
according to the following equation (Delumyea et al., 1980): 


R = -log(t.am/Tpiank)» Where 
Iam = reflectivity of the sample, and 
Tblank = reflectivity of the blank. 


Calibration curves were prepared by plotting Reflectance (R) versus the EC loading. 
These plots were linear and correlation coefficients for these standard curves were 0.993 or 
better. Sample loadings were then determined using the calibration curves. 


RESULTS AND DISCUSSION 


The sites in the Tampa Bay area which were investigated include urban and 
background sites in Hillsborough County and typical sites in Sarasota, Lee and Manatee 
Counties. During the period of study, the protocol for particulate sampling was changed 
from HI-VOL to PM-10. The samples collected by the two methods differ in the maximum 
size of particles drawn into the inlet. This difference, however, was shown in a separate 
study (Butcher and Delumyea, 1992) not to affect the determination of EC. EC is found 
in the small particles collected by both methods. 

Given sixty-two samples per year from each station, trends in the data become 
difficult to discern. Accordingly, graphs were prepared of weekly average concentrations for 
the period beginning January 1, 1990 through December 31, 1991. Examination of the plots 
shows that there is a seasonal dependence to the ambient concentration of EC. In Figure 
1, plots a-e exhibit maxima in winter months for all stations, urban and background. The 
overall trend is shown in Figure 1 plot f, which plots the average of the monthly averages 
for all stations versus month from the start of the period. 
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FIG. 1. Monthly averaged Elemental Carbon content for the period 1990-1991 in each 
county: a. Hillsborough; b. Pinellas; c. Sarasota; d. Lee; e. Manatee; f. combined counties. 
Month: January 1990 = 1, December 1991 = 24. Solid line = urban site; dashed line = 
background site. 


Month 
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Several potential problems in interpreting the data exist. Location of the sampler is 
critical to obtaining valid data. It appears from the data that the sites are not abnormal 
with respect to TSP or EC. Air particulate samples do not respect county boundaries. 
Consequently, a lack of significant correlation of [EC] with population, etc., would indicate 
the regionality of the problem. The regional distribution of elemental carbon in the Tampa 
Bay area is determined by two factors: meteorology and sources. Therefore, concentrations 
at a particular sampling location depend on a complex interrelationship between these two 
factors. Figure 2 shows a bar graph of the average EC concentration at each site over the 
two-year period. Hillsborough County was found to have the highest concentrations at its 
urban and background site, followed by Manatee County, the two Pinellas County sites, Lee 
County, and Sarasota with the lowest EC concentration over the study period. 

A preliminary attempt was made to find an explanation(s) for these results. Table 
1 lists several statistical parameters for each of the counties. The 1990 population and 
population density were the initial criteria for determining which counties to include. There 
was no correlation between the concentration of EC in the atmosphere of each county and 
either population (correlation coefficient, R? = 0.00819); logarithm of population (R? = 
0.00017); or population density (R? = 0.0800). Although gasoline is not a significant source 
of EC, gasoline consumption was used as a measure of mobile sources. As expected, there 
was no significant correlation between [EC] and quantity of gasoline purchased; however, 
although not significant, this correlation was largest of those tested (R? = 0.346). Lastly, 
there may be no significance to the observation that two of the counties studied had 
municipal waste incinerators. 


TABLE 1. Statistical Background Information (from Florida Statistical Abstracts, 25th 
Edition) 


1990 Population Gasoline Tons Trash 
County [EC] Population Density Purchased Incinerated 
Pinellas 1.89 221,668 305.3 342,081 872,458 
Hillsb. 2.88 102,133 35:7 396,064 271,581 
Sarasota 1.51 89,408 60.2 122,382 
Lee 1.82 83,003 39.9 | 169,421 
Polk 2.53 75,243 15.9 205,226 
Manatee 2.05 59,409 30.7 90,108 


Seminole 2.01 27,700 38.5 118,158 
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FIG. 2. Bar graph of the average EC concentrat 
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HUMAN IMPACT ON THE SHARK NURSERY GROUNDS OF TAMPA BAY 
C.A. MANIRE AND R.E. HUETER 


Center for Shark Research, Mote Marine Laboratory, 
1600 Thompson Parkway, Sarasota, FL 34236 


ABSTRACT: Coastal shark species generally utilize shallow, inshore bays and estuaries as nursery grounds. 
These are typically areas of high productivity where juvenile sharks find abundant prey and where they are less 
exposed to predation by large sharks. Human activities in these nursery ground areas can lead to a significant 
impact on the juvenile sharks, primarily in the form of habitat degradation and fishing mortality. In Tampa Bay, 
fishing mortality of sharks is both direct from the recreational fishery as well as indirect in the form of bycatch by 
recreational anglers and commercial gill-netters, especially in the mackerel fishery near the mouth of the bay. Tampa 
Bay serves as a nursery area for most of the year for several resident species of sharks and as a seasonal nursery 
area for several transient species. In the past two years, we have captured 943 sharks of ten different species, 
including newboms of four species and juveniles of nine species, in all areas of Tampa Bay, but the vast majority 
of these have been captured in the more pristine, less developed habitats of southem Tampa Bay where healthy grass 
flats appear to be very important as nursery ground habitat. Especially important are the grass flats in the area of 
Rattlesnake Key near the Manatee River, and the area between the Sunshine Skyway bridge and Coquina Key, 
including the Pinellas Point area. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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INTERAGENCY DATA SHARING THROUGH GIS 
FOR COCKROACH BAY 


CHARLES M. COURTNEY 


Environmental Protection Commission of Hillsborough County 
1900 9th Avenue, Tampa, FL 33605 


ABSTRACT: | This paper summarizes the rationale for consolidating data for the Cockroach Bay Aquatic 
Preserve study area and describes the procedural usage for the Consensus Group methodology developed by the State 
of Florida’s Growth Management Data Network Coordinating Council. Examples of draft and final Issue State- 
ments are provided as well as ecamples of how this voluntary process has worked for this project. The use of Data 
Descriptive Summaries proved to be particularly effective in targeting data for acquisition. Although this is an 
ongoing project, to date over a million dollars worth of data already produced by public ecpenditure for other 
purposes has been transferred. The development of data is usually the most expensive phase and the sharing of data 
represents a compounding of the value of each public dollar spent while reducing the likelihood of needless 
duplication of data development. 


The Cockroach Bay Aquatic Preserve bounds an area which includes the headwaters 
and oligohaline habitat for the eastern portion of the Middle Segment of Tampa Bay 
(Figure 1). Cockroach Bay has some of Tampa Bay’s most pristine habitat and generally 
good water quality. The Federal Coastal America’s Program has recently funded $300,000 
toward an estuarine restoration project on Cockroach Bay’s northern shoreline and Florida’s 
SWIM Program is funding at least an equal amount on the restoration effort. Additionally, 
there has been an award of a $400,000 EPA Clean Water Act Section 319 (h) Nonpoint 
Source Set-Aside grant to fund construction of a stormwater system designed to treat some 
of the agricultural runoff to Cockroach Bay. Once in place, such massive public 
expenditures require some future assurance of the long-term viability of the investment. 
There is some evidence accumulating that there may be chronic problems in the Preserve 
related to boat propeller scarring of seagrass beds; (Lewis, Personal Communication) water 
quality degradation, (Long et al., 1991) exotic plant encroachment, and habitat modification 
and destruction. 

Realizing local responsibility to protect local resources, the Hillsborough County 
Board of County Commissioners (BOCC) began efforts to offer the Preserve a higher level 
of protection. In 1991 the Board requested that the Hillsborough County City-County 
Planning Commission (HCCCPC) develop a management strategy for Cockroach Bay. The 
Plan amendment called for the BOCC to establish the Cockroach Bay Aquatic Preserve 
Management and Advisory Team (CAPMAT). The existing data base of pertinent natural 
resources information that would be useful for CAPMAT to further develop a management 
strategy, monitor, and implement regulatory and control strategies for the Preserve is spread 
among a multitude of agencies. Although the data are maintained and updated by each of 
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the respective agencies, there needed to be a survey of this available data and an attempt 
to gather these so that a more immediate response, based on a thorough knowledge of the 
resources, is possible. 


ie. 2 : Say 
FAquatic Preserve 


J 


FIG. 1. Boundaries of the Cockroach Bay Aquatic Preserve, Tampa Bay, Florida. 


In 1991 the Office of the Governor conducted a pilot study in the Tampa Bay Region 
to develop ways that agencies could share data. The idealized format for interaction 
between state agency heads sitting as the Growth Management Data Network Coordinating 
Council and local governments wishing to share or better define meta-data can be seen in 
Figure 2. The results of that study provided tools (e.g. Consensus Group Methodology, 
Quality and Accuracy Report Templates, Data Descriptive Summaries, and a Centralized 
Florida Spatial Data Directory or Card Catalogue) for implementing one of the prime needs 
of CAPMAT. 

A Regional Advisory Committee (RAC) was formed as an outgrowth of the 
Governor’s Pilot Study. The RAC consists of the executives of agencies surrounding Tampa 
Bay (e.g. Administrators of Counties, Environmental Protection Commission [EPC], Florida 
Department of Transportation [FDOT], Florida Department of Environmental Regulation 
[FDER], Southwest Florida Water Management District [SWFWMD)]) who have signed a 
Memorandum of Understanding to cooperate in interagency data sharing together with a 
Facilitator sitting at the Tampa Bay Regional Planning Council, who acts a liaison with the 
Growth Management Data Network Coordinating Council (GMDNCC) in Tallahassee. The 
RAC uses the consensus group methodology developed by the Governor’s Pilot study as well 
as this Data Descriptive Summary, and Quality and Accuracy Templates to facilitate data 
exchange. The results of attempts to catalogue and transfer data by such consensus groups 
as well as their recommendations are to be transferred to the GMDNCC for review and 
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eventual input to the modem-accessible Florida Spatial Data Directory (FSDD). The FSDD 
represents a "Corporate memory’ of the data, provides a description of the data’s quality and 
accuracy, as well as the issues addressed in the consensus groups. 

This project concentrates of the "process" of data sharing in the format developed by 
the Governor’s pilot study. It tests how well that system can work for CAPMAT?’s. long 
range goals. Information has been developed on the pitfalls to effective data sharing while 
demonstrating that widely divergent sources of data, important to local government, can be 
effectively imported for local use. 


* Growth Management Data Network Coordinating Council 


FIG. 2. Idealized format for interaction between the Growth Management Data Network 
Coordinating Council and local governments. 
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METHODS 


In the April to June 1992 period EPC and City-County Planning (HCCCPC) staff met 
to coordinate development of a general matrix of the types of natural resources data that 
could be useful to CAPMAT. The first test of the state’s Growth Management Data 
Network Coordinating Council format for data sharing was initiated by a written notification 
dated May 14, 1992 by EPC to the RAC that EPC wished to convene a Consensus group 
meeting on the Cockroach Bay Project unless there were objections. No objections were 
received, so EPC discussed extensively with HCCCPC staff, Hillsborough County GIS staff 
and with the RAC’s Facilitator (Central Information Unit), Bill Lofgren. The Facilitator, 
in turn, elicited comment from David Stage of the Growth Management Data Network 
Coordinating Council in the Governor’s Office. 

After minor revision, the Facilitator mailed the initial draft issue statement and a 
blank Data Descriptive Summary (and instructions for completing it) to the RAC members 
and other intended participants on June 8, 1992. All were invited to attend the first 
Consensus Group meeting on June 25, 1992. Over the period June 8 - 22, 1992 the 
Consensus Group Chairman made telephone contact with all but two of the targeted 
agencies to see if they had any questions and to encourage their attendance at the June 25 
meeting. 

Over the period June 8 - 25 certain agencies read the draft issue statement and 
followed the directions in the invitation to the June 25th Consensus Group Meeting to 
prepare Data Descriptive Summaries. This was the first test of voluntary cooperation and 
included both signatories to the Regional Advisory Committee’s Memorandum of 
Understanding (MOU) (i.e. those committed in writing to follow these procedures) and 
other agencies who were not signatories. 

After introductions and distribution of the meeting agenda at the first Consensus 
meeting, a survey questionnaire, designed to ascertain the level of agency preparedness, was 
distributed and filled out by each participant. The group began a review and revision of the 
draft Issue Statement. This effort was not concluded by the end of the meeting, and a 
second meeting was therefore scheduled for July 9th. Prior to the second meeting the 
Chairman again called all those invited and worked with the Facilitator to revise the issue 
statement. The revised issue statement was mailed to all members of the Consensus group 
on 1 July. The draft issue statement revision was completed during the second meeting and 
finalized for presentation to the RAC the following month. The RAC approved the Issue 
Statement and a copy was retained by Facilitator for future reference. 

Over the period August 20 - October 21, the Consensus Group Chairman had several 
meetings with the County GIS coordinator to discuss prioritizing the list of available data 
layers. At the same time the Chairman continued to seek, via telephone, voluntary 
submittal of Data Descriptive Summaries from a number of producers who had not returned 
them. 

The producers of multiple data layers (e.g. SWFWMD, EPC, Florida Department of 
Natural Resources-Marine Research Institute [FDNR-MRI], Hillsborough County) were 
selected as the first priority for data transfer. Because of the work involved the as yet 
unspecified needs of the as yet unappointed CAPMAT group, a decision was made to try 
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to import data in its existing format and to delay manipulation of the data (e.g. matching, 
scale correction to base map, etc.) until the actual need for more specificity arose from 
within the as-yet-unappointed CAPMAT. Once Data Descriptive Summaries were received 
by the Chairman, copies were forwarded for inclusion in the GMDNCC’s modem-accessible 
FSDD and to the County GIS Coordinator. Over the period August 20 - September 22, the 
Chairman arranged visits to the GIS sections of these producers (or visits to County GIS by 
producers who had hard copy that needed to be entered into the County system) for the 
County GIS coordinator to meet the principals and provide for discussion of the mechanisms 
of transfer. County GIS then began officially requesting the transmittal of the data. 
Although the County Genemap system is different from the GIS software of the majority 
of the producers (ArcInfo) Genemap does have an ArcInfo Import feature that was tested 
and found to work satisfactorily of ArcInfo export files. 


RESULTS 


Development of a matrix and initial communication with agencies: The EPC and HCCCPC 
developed an initial natural resources matrix for the Cockroach Bay Planning Area over the 
period April 1992 to June 1992. The two agencies jointly spent over forty hours in this 
endeavor. The format for the matrix included the major categories of: Natural Resources, 
Manmade Influences, Political Jurisdictions, Projects and Plans, and Miscellaneous. Within 
the major categories from three to 47 separate layers of potential interest were identified. 
Over the period June 8 - 22 the Chairman had called all addressees to see if they had any 
questions and to encourage their attendance at the first Consensus Group meeting and 
filling out of the Data Descriptive summaries prior to that meeting. Most had not yet read 
the letter. All planned to attend. 


Convening of consensus groups: Consensus group meetings provide an opportunity for 
experts to brainstorm issues and to develop solutions to common problems. This format was 
used for this project to refine the issues concerning the Cockroach Bay Aquatic Preserve and 
in particular to refine the matrix of data types and data sources. 

The survey that was conducted at the beginning of the first Consensus meeting 
presented some interesting results: (1) Of the 13 invited only four failed to attend or send 
a representative; (2) five additional "interested parties’ attended; (3) All attenders had 
received and read the draft "Issue Statement"; (4) All but three attenders and all but one 
of those invited knew about the RAC’s Central Information Unit/Facilitator’s position and 
role at TBRPC; (5) All attenders had heard about Consensus groups for interagency data 
sharing and their purpose and all but 4 knew how they operate under RAC guidelines; (6) 
Attenders spent an average of 2.2 hours preparing for the meeting; (7) Only three attenders 
had prepared Data Descriptive Summaries for this meeting; and (8) All attenders were 
familiar with the NEP and all but four were famiiiar with its data management strategy. 
Substantial changes were made to the first draft statement, predominantly in the focusing 
of the group on the parts of the statement that preceded the matrix. The City-County 
Planning Commission prompted several working changes to bring the draft into conformance 
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with their Comprehensive Planning Process. Since the matrix was not addressed, a second 
Consensus meeting was scheduled to wrap up the draft revisions. 

The second consensus meeting was held July 9, 1992. The whole meeting centered 
around completing the revision of the issues statement focusing on the matrix. The issue 
statement includes a plan of action and assigns responsibilities for carrying out the data 
sharing process. It also identifies for Consensus members a variety of projects that concern 
the Aquatic Preserve Area in a section identified as "Ongoing Activities". 


Data transformation from participating agencies: Implicit in this project’s goals is the 
capitalizing on data already developed by agencies for other purposes for the use by 
CAPMAT. This capitalization compounds the usefulness of public dollars spent and reduces 
the likelihood of needless duplication of the costly data production process. At this writing 
the project has begun analyzing the data from these other sources by using the Data 
Descriptive Summaries that have already been provided. Data Descriptive Summaries have 
been received from: 

A. The EPC (non-GIS data inclusive of Water Quality Monitoring, Old and Active 
Sanitary Landfills, Small Quantity Generators, Wetland Delineations, Stationary Storage 
Tank Facilities, Wastewater/Sludge Application Sites, Wastewater Treatment Plants, 
Industrial Treatment Facilities, Air Monitoring Ambient Data, and Major Air Pollution 
Sources); 

B. The Florida Department of Natural Resources - Marine Research Institute 
(FDNR-MRI) (Results of the Little Manatee River Study inclusive of Florida Shoreline, 
Roads, Boat Ramps, Detailed Soil Maps, Artificial Reef Sites, Digitized NOSS Nautical 
Chart Bathymetry, Plant Communities, Seagrass Mappings 1990 and 1988, Land Cover 1950 
and 1982, and Aides to Navigation); 

C. The NEP (Benthic sampling locations 1961 to 1989, SWFWMD/SWIM 
Bibliographic Data Base); 

D. The US. Fish and Wildlife Service (USFWS) (Land use and biological coverage 
of Eagle’s nests, Woodstork and wading bird colonies, Breeding Bird survey, Bird Nesting 
and Feeding areas, and information on 50 priority species); 

E. The TBRPC (for a Water Quality Database); 

F. Hillsborough County (Phosphate Mining Map, NPDES Map, County parcel map, 
Water Quality Map, Slosh Grid Map, Census Tract Map, Significant Wildlife Habitat Map, 
Zoning Map, Existing Land Use Map, Base Map containing physical and major road/ 
railroad infrastructure elements, SWFWMD five-foot contour map, Commission District 
Map, Primary Care Facilities Map and Impervious Areas Map); 

G. The U.S. Geological Survey (USGS) (Water Resources Databases); 

H. The Florida Game and Fresh Water Fish Commission (FGFWFC) (Habitat cover 
and Wildlife Occurrence Records); 

I. The National Weather Service (Meteorological Data); 

J. Lewis Environmental Services, Inc. (Seagrass aerial cover trend Maps for 1938, 
1957, 1991 and FLUCCS-coded Maps); 

K. The SWFWMD (Sections, Townships and Ranges, Stormwater Management 
Permit Points, Stormwater Management Permit Points, Stormwater Management Permit 
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Boundaries, Seagrass Mappings of Tampa Bay for 1988, and 1990, USDA/SCS Detailed 
Soils Maps from County Soil Atlas, FEMA Flood Insurance Rates 1970-1980’s Drainage 
Basin Boundaries of SWFWMD, Land Use/Cover based on FDOT Scheme Level II, Five- 
foot Contours, Two-Foot Contours and Spot elevations); and 

L. The Florida Natural Areas Inventory (Database on Rare/Endangered Species). 


By this writing all but two of those invited to the Consensus meetings had provided 
the requested summaries. All of the provided Data Descriptive Summaries were transmitted 
to the Florida Spatial Data Directory. The reader can dial up these summaries by calling 
(904) 922-5928 or SunCom 252-5928. 

Since the essential role of CAPMAT will be initially one of conceptual review, not 
much effort will be initially made to try to match/cleanup data that are transferred. This 
will be delayed until specific needs develop. 


Importation and consolidation of data: The first efforts to transmit some of these data to 
the County GIS system were undertaken in September, 1992 by contact with the FDNR- 
MRI and SWFWMD. A test of whether data transformation would be necessary on ArcInfo 
produced data was made on a sample provided by SWFWMD in August. The test revealed 
the Genemap’s ArcInfo Import capability would work on ArcInfo Export Files. Accordingly, 
on October 14, 1992 SWFWMD began transferring data layers to the County GIS 
Coordinator. FDNR-MRI data were transferred in late October, 1992. EPC data are 
currently being digitized. 


CONCLUSIONS 


This project has already demonstrated that the Consensus Group and Data 
Descriptive Summary protocols of the Regional Advisory Committee as well as the services 
of the Facilitator and Growth Management Data Network Coordinating Council work well 
for projects such as this. Much remains to be accomplished and a dogged determination to 
complete the project must accompany any effort such as this. We observed a general desire 
by most participants to see the project come to fruition, but to arrange for delivery from so 
many disparate sources requires special efforts by the Chairman, who must also provide 
clear communication about the project’s goals in the beginning when agencies are first 
introduced to the subject. 

Each agency performs its services in connection with a project such as this "over and 
above" the normal duties that it must carry out on a day-to-day basis. It does not necessarily 
appear to be a prerequisite that all prospective participants have signed a Memorandum of 
Understanding to commit to cooperate. Under the existent MOU only seven signatories 
(Hillsborough County, Environmental Protection Commission, Manatee County, FDER, 
Florida Department of Health and Rehabilitative Services and the SWFWMD) were initially 
deemed to be of potential value as producers of the data sought, and only these seven were 
invited to the Consensus Group meetings. Of the seven, only Manatee County failed to 
attend. The FDER, even though an MOU signatory, seemed to have internal communica- 
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tions problems not only in attending the meetings, but in providing a Data Descriptive 
Summary. On the other hand, parties who weren’t MOU signatories, e.g. USGS, FDNR- 
MRI, USFWS, FGFWEFC, and Lewis Environmental Services, not only attended but 
contributed information that was requested from them. Although Manatee County includes 
a potential part of the drainage basin for the study area, continued failed attempts to get 
participation have led to deletion of their data holdings from the target list for the 
remaining period of this project. Florida Department of Health and Rehabilitative Services 
attended the meetings, but did not have data readily available on septic tanks; one of the 
data types of interest. Nevertheless, FDHRS has continued to meet with the Chairman and 
Hillsborough County’s Planning and Development Management Department to develop a 
sub-project for acquiring this important data. An attempt is currently under way to cross- 
reference parcels with areas receiving sewer service to develop a list (by default) of parcels 
on septic tanks. FDHRS staff will then ground-truth the default list to gather the needed 
information. 

Work will continue in the upcoming months as the project continues to import data 
from other sources. Some agencies such as SWFWMD and FDHRS will have data/layers 
that cannot be released until quality control checks confirm that the data are suitable for 
distribution. 

The greatest problems experienced by this demonstration project related to the "level 
of commitment" at all levels. For the GMDNCC staff and the Facilitator this meant being 
prepared to explain and promote the FSDD, having it in a readily useable format when 
information first started flowing to it, and generally insuring that the MOU procedures were 
followed. More guidance was needed for the Consensus Group Chairman on how to handle 
Quality and Accuracy Reports. Theoretically, all MOU signatories would have these 
available for their data, but none were presented. Similarly the County GIS coordinator is 
the representative for one of the MOU signatories, but did not request Quality and 
Accuracy Reports which could have answered questions that arose during the actual transfer 
of data (e.g. symbols and definitions used by SWFWMD for seagrass mappings). All of 
these "problems" are not unexpected for a new (and trial) administrative and procedural 
_ system. The investment of time by agency representatives in Consensus meetings and later 
in data transfer would, on the face of it, seem extravagant unless one considers the value 
of the data transferred (i.e. the cost to produce it). When the latter is taken into account, 
the true potential and merit of interagency data sharing through GIS becomes apparent. 
The GMDNCC has developed an excellent set of protocols. What remains is the perfection 
of the "process" and the commitments of agencies to the process. 
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RESOURCE-BASED WATER QUALITY REQUIREMENTS IN TAMPA BAY 
H.S. GREENING AND R.M. ECKENROD 


Tampa Bay National Estuary Program, 111 7th Avenue South, 
St. Petersburg, FL 33701 


ABSTRACT: While water quality measurements traditionally have served as the surrogate of a water body’s 
viability, ongoing work for the Tampa Bay National Estuary Program emphasizes a cnitical "ned step" by linking 
water quality directly to the environmental requirements of Tampa Bay’s most important habitats and to the faunal 
communities these habitats support. Under this strategy, resource-based water quality requirements for seagrass, 
mangrove, emergent marsh, and benthic communities will be developed and incorporated into mandated federal and 
state programs for point and non-point source pollution control. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 


MODELING LIGHT AVAILABLE TO SEAGRASSES IN TAMPA BAY, FLORIDA 
R.L. MILLER AND B.F. MCPHERSON 
U.S. Geological Survey, 4710 Eisenhower Boulevard, B-5, Tampa, FL 33634 


ABSTRACT: A model was developed that uses land-based measurements of photosynthetically active radiation 
(PAR) to compute instantaneous and annual average estimates of PAR in water of Tampa Bay. Model input was 
255 days of 15- or 5-minute averages of incident irradiance measured at sites near Tampa Bay. Annually, 49% (380 
pmol ms} ) of the incident irradiance measured with a spherical (4 x steradians) sensor ts estimated to enter the 
water of Tampa Bay. The model can be used to predict the average depth and, with bathymetry, the areas of bay 
bottom that have adequate light available to support seagrass. For example, if Thalassia testudinum requires a long- 
term average of 20% of incident PAR for survival, the model predicted that depths of potential seagrass habitat for 
T. testudinum are 0.7, 1.5, 2.5, and 7.5m for water clarities corresponding to the attenuation coefficients of 1.0, 0.5, 
0.3, and 0.1", respectively. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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WATERSHED MANAGEMENT IN TAMPA BAY: A PROGRESS REPORT 
MAY, 1994 


HOLLY GREENING AND RICHARD ECKENROD 


Tampa Bay National Estuary Program, 111 7th Avenue South 
St. Petersburg, FL 33701 


ABSTRACT: Tampa Bay was accepted into the National Estuary Program in 1990. The Tampa Bay National 
Estuary Program (TBNEP) is a four-year program charged with development and initiation of a "Masterplan" for 
long-term management of Tampa Bay. Partners in TBNEP include the U.S. Environmental Protection Agency, 
Florida Department of Environmental Protection, Southwest Florida Water Management District, the counties of 
Hillsborough, Pinellas and Manatee, and the cities of St. Petersburg, Tampa and Clearwater. Two major dements 
comprise the four-year program: characterization of the bay’s resources and priority problems, and development of 
specific management actions to address identified priority problems. The Tampa Bay NEP has completed much 
of the characterization work, and is well into development of management actions. A brief description of the 
watershed management approach currently under development and the direct link to restoration of critical habitats 
is presented here. The final watershed management approach will comprise a central element of the Comprehensive 
Masterplan for Tampa Bay, due in 1995. 


Tampa Bay is Florida’s largest open water estuary, with a surface area of 
approximately 400 square miles. The port facilities in Tampa are the seventh largest in the 
United States. Approximately 2.4 million people live in the watershed, concentrated into 
four major municipalities. Agriculture and phosphate mining are also prominent elements 
in the watershed. Not surprisingly, Tampa Bay NEP has found that the majority of 
identified problems affecting the Bay originate in the watershed (TBNEP, 1993). 

Since initiation of the NEP in Tampa Bay, participants have agreed that the final 
goal for the program is the restoration, enhancement and protection of the bay’s critical 
living resources. This includes both the physical structure of important habitats and the 
animal communities which inhabit them. Tampa Bay is similar to the other Florida 
estuaries in that the presence of seagrass is an indicator of estuary health, as well as being 
a critical habitat for many organisms. The TBNEP Management Conference has defined 
the restoration of seagrass to depths which it historically occupied as a long-term goal. 


WATERSHED MANAGEMENT STRATEGY FOR TAMPA BAY 


To demonstrate the process used by TBNEP in developing a watershed management 
strategy, a simplified four-step approach is shown, using the restoration of seagrass to 
historic depths as an example. 


i. Set specific seagrass restoration targets. For example, determine the number of acres 
of seagrass in each bay segment potentially available for restoration. 
D.. Determine the amount of pollutant that a bay segment can receive and still maintain 


water quality that allows restoration, maintenance and expansion of seagrass to 
historic depths. 

3. Based on existing pollutant loads from each major river basin, estimate the 
reductions needed to reach water quality targets and allocate those reductions among 
the sources. 
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Implement the actions needed to reach load reduction goals through a binding 
agreement of major stakeholders in Tampa Bay. 


STEP 1. SET BAY RESTORATION TARGETS: The first step is to set clearly defined 
restoration targets. For seagrass, the NEP Management Conference has approved the use 
of the 1950 extent of seagrass coverage as an ultimate target for restoration throughout the 
bay. 
Using digitized aerial photographic information, it is estimated that approximately 
40,000 acres of seagrass existed in Tampa Bay in 1950. In most areas of the bay, seagrass 
grew to a depth of 1.5 to 2 meters. In 1990, approximately 25,000 acres of seagrass 
remained in Tampa Bay, a loss of more than 40% since 1950. Much of the loss occurred 
in the more urbanized upper segments of the bay, but losses also were observed along the 
deeper margins of beds throughout the bay. 

Using a Geographic Information System (GIS), the acreage which was vegetated in 
1950 but is not vegetated in 1990 was estimated (Coastal Environmental, Inc., 1993). This 
approximate 15,000-acre difference has been adopted by TBNEP as the long-term 
restoration target for seagrass in Tampa Bay (Figure 1). 


STEP 2. DETERMINE OPTIMAL LOADING RATES: The second step of the process 
involves determining water quality requirements to support restoration of seagrass to historic 
depths. 

Several factors may affect seagrass growth and health, primary among them being the 
amount of light reaching the grass blades. To estimate water column conditions necessary 
to allow sufficient light to reach the bottom at depths to which seagrass occurred historically, 
Statistical regression techniques were used to estimate the relationships between light levels 
which reach grass blades at target (i.e., historic) depths and "allowable" chlorophyll a 
concentration in the water column. Similar calculations will be made for suspended 
sediment and color. 

The final element in determination of allowable loading is to estimate nitrogen 
loading from watershed and in-bay sources associated with the "allowable chlorophyll 
concentration". The range of nutrient loads which is associated with water clarity 
requirements of sustained seagrass growth to target depth will then be used to determine 
load reduction goals for watershed management action. The pollutant load reduction goal 
is simply the existing load minus the allowable load needed to support seagrass growth to 
historic depths. 

Existing annual loads to the bay from all sources for total nitrogen (TN), total 
phosphorus (TP) and total suspended solids (TSS) has been estimated (Coastal 
Environmental, Inc., 1994; Figure 2). As suspected, nonpoint urban and agricultural sources 
are a major contributor to TN loading, comprising 50% of the total load. Atmospheric 
deposition directly to the bay is also a large contributor. 
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Map Prepared by Coastal Environmental, Inc. 


FIG. 1. Seagrass Restoration Targets for Tampa Bay (Source: Coastal Environmental, Inc., 
1993) 
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FIG. 2. Total Annual Loadings to Tampa Bay: Total Nitrogen, Total Phosphorus, and Total 
Suspended Solids (Source: Coastal Environmental, Inc., 1994). 
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STEP 3. ALLOCATE POLLUTANT LOAD REDUCTIONS: One of the most difficult 
tasks facing the NEP conference will be the equitable allocation of pollution load reductions 
needed to reach the allowable loading goal. 

As a non-regulatory entity, NEP is acting as a forum for discussion among the major 
players (local governments, industries, and agriculture) and the regulatory agencies 
responsible for implementation. TBNEP has started a series of working sessions with this 
group, which are expected to be ongoing through the summer of 1994. 

A major question during the allocation workshops will be costs estimated to reach 
allocated reductions. One tool which may be useful during these allocation workshops is 
a Best Management Practices (BMP) Optimization Model currently under development 
(King Engineering Associates, 1994). This model takes a true watershed approach, 
providing estimates of the most cost-effective mix of agricultural and urban BMPs, given 
various levels of funding applied to a basin. Preliminary results of the model indicate that, 
for many watershed basins, the most cost effective and efficient management practices 
include implementation of agricultural BMPs first in mixed urban/agricultural basins. 


STEP 4. IMPLEMENT ACTIONS TO MEET LOAD REDUCTION GOALS: A key 
component of the process is implementation: how agreed-upon reduction goals will be 
incorporated and enforced. A promising venue currently under evaluation is by way of 
incorporation into point and non-point source permit requirements. Through this process, 
each participant will commit to reach a percentage of their allocated final load reduction 
goal through the 5-year permit process. When permits are renewed, progress toward the 
ultimate goal will be evaluated and adjustments made toward achieving the final goal in the 
second 5-year permit renewal, and so on. 

The primary benefit to the regulated community is that participants are included in 
shaping their permit requirements at the ground floor level. A major benefit for the 
regulatory agencies is a true watershed-based approach, with a common goal for all sources 
in the watershed. 

The TBNEP participants have committed to implementation of the final agreed-upon 
allocation strategy. To date, EPA and the local Florida Department of Environmental 
Protection have expressed support for the concept, and will be participating in the allocation 
discussions. 


CONCLUSION 


The Tampa Bay management community has agreed that the protection and 
restoration of living resources in the bay is of primary importance. Through the proposed 
watershed management process, Tampa Bay area governments have the opportunity to 
provide the water quality requirements necessary to meet long-term living resource 
restoration goals. 
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THE AGE STRUCTURE 
OF SOUTHWEST FLORIDA’S POPULATION 


WILLIAM M. SPIKOWSKI 


Spikowski Planning Associates, 1617 Hendry Street, Suite 307 
Fort Myers, Florida 33901 


ABSTRACT: Southwest Florida, like many parts of Florida, has been a retirement haven for the past several 
decades. However, other age trends are also occurring, especially in the more urban communities. The age structure 
of individual communities can be examined using graphic techniques based on easily-obtainable data from the U.S. 
Census, and can be compared to state-wide and national trends over the same period. The same techniques can 
also be used to examine particular segments of the population such as racial groups. Planners and policy makers 
need to understand local demographic structure and change, and can use or modify the techniques suggested by the 
author for their own planning purposes. 


Florida not only continues to grow rapidly, but its population is also changing in other 
and sometimes surprising ways. There is an abundance of new data available from the 1990 
census that can easily be used to examine the nature of these changes. 

The academic field of demography is essentially the "science of population." The 
term "demographics" has become popular (as a noun even!) in recent decades as corporate 
market researchers have learned the importance of knowing the statistical characteristics of 
their target populations. Planners and policy-makers equally need to understand the 
changing nature of the population they serve. 

There are four major aspects of population: its size (the number of people); its 
distribution (geographically, at a given time); its structure (the distribution of its age and sex 
groupings); and its changing nature (growing or declining in total numbers, or among its 
structural units of births, deaths, and migration). 

This paper focuses on the age structure of Florida’s population, and especially that 
of Southwest Florida. Age structure is of importance to those involved with planning new 
schools; assessing manpower availability; planning health services; and identifying specialized 
housing needs such as larger houses for families, smaller homes or apartments for retirees, 
or assisted housing for the elderly; and understanding the general nature of a local 
population, and how that character may be changing over time. 

The Census Bureau’s "median age" is often cited for an area. The median age 
divides the population into two equal parts: one-half of the people being older than this 
median age, and one-half being younger. This is better information about a group’s age 
than none at all, but it tends to obscure the uniqueness of each area being analyzed. 

Traditional demography uses a "population pyramid" to present a more detailed look 
at the age structure and sex of the population. Figure 1 shows four such population 
pyramids (although not all are truly pyramidal). Compare Sweden, with its large elderly 
population and small number of children, and Costa Rica, with opposite characteristics. 
India and the United States fall between Sweden and Costa Rica. (To improve the ability 
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to compare these four populations, each chart has been expressed in the percentage of each 
age group of the entire population, rather than in absolute numbers.) 
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FIG. 1. Percent distribution by age and sex of the populations of Sweden, United States, 
India and Costa Rica: around 1960. (Source: U.S. Bureau of the Census. 1975. The Methods 
and Materials of Demography, by H.S. Shryock, J.S. Siegel and Associates. U.S. Government 
Printing Office, Washington D.C. Volume 1, Figure 8-13.) 
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THE NATION AND THE STATE 


Since sex is often not a critical dimension in public facility planning, its inclusion on 
a population pyramid makes the chart less intuitively understandable than it could otherwise 
be. Also, plotting data along the vertical axis makes such charts more difficult to produce 
by local analysts having access only to standard charting tools found in desktop computing 
software. By deleting sex from the analysis and using more typical charting methods, age 
profiles become very simple to produce and interpret. Simplicity breeds the opportunity for 
comparative analysis among many more areas and time periods, thereby improving the 
understanding of the population being studied. 

The analysis of a local population is aided by a comparison of it with the national 
population. Figure 2 illustrates the age profile of the United States in 1991. Major historic 
events that affected the American population are easily visible on this chart: the low birth 
rate during the Great Depression and World War II, the baby boom occurring immediately 
thereafter and lasting until the mid-1960s, and now the young children of the baby-boom 
generation. (This example was produced within a Lotus 1-2-3 spreadsheet using age data 
from the 1992 Statistical Abstract of the United States. All other charts use official figures 
from the Census Bureau, averaged where data is not available for individual years of age.) 

Figure 3 shows the age profile of the state of Florida for 1990. This chart appears 
somewhat "boxy" because the state and county age data now available from the 1990 Census 
are grouped in five-year intervals (which were divided equally for this chart). Despite the 
_ differences in magnitude, Florida is similar to the United States as a whole, except of course 
for its substantial population of retirees. These charts actually understate the impact of the 
retiree population on Florida because they only reflect permanent residents on April 1 of 
the census year. All other winter residents are not tabulated by the Census Bureau (except 
indirectly through counts of vacant housing units). 


SOUTHWEST FLORIDA COUNTIES 


Figure 4 shows the age profile of Hillsborough County (Tampa area) for 1990. It is 
much more similar to the United States as a whole than to Florida. Note the very small (for 
Florida) retiree population. 

Compare this figure to Figure 5 showing the same data for Pinellas County (St. 
Petersburg area). Pinellas is located just across Tampa Bay and is slightly larger in 
population than Hillsborough. But its very large retiree population makes it quite dissimilar 
to Hillsborough. 

The retiree population, as a percentage of the whole, becomes greater yet as one 
moves southward along the coast; Manatee, Sarasota, and Charlotte Counties each top its 
northward neighbor in this regard. Not until one reaches Lee County (Fort Myers area) is 
there a return to a more Florida-typical mix of retirees and a working-age population. 
Figure 6 illustrates Lee County’s 1990 population. This chart superimposes the county’s 
population for 1980 and 1970 as well, showing a substantial change in the composition of 
the population curve during a period of rapid population growth. 
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FIG. 2. Average number of permanent residents at a given age in the United States on July 
1, 1991. (Data Source: 1992 Statistical Abstract of the United States.) 
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FIG. 3. Average number of permanent residents at a given age in Florida on April 1, 1990. 
(Data Source: 1990 Census.) 


No. 2, 1995] SPECIAL PUBLICATION 127 


NUMBER OF PERSONS 


5 10 15 20 2 K 35 40 45 50 55 60 65 70 75 80 
AGE 


FIG. 4. Average number of permanent residents at a given age in Hillsborough County on 
April 1, 1990. (Data Source: 1990 Census.) 
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FIG. 5. Average number of permanent residents at a given age in Pinellas County on April 
1, 1990. (Data Source: 1990 Census.) 
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Such charts with multiple age profiles for different years are most useful for quickly- 


changing areas with substantial in- or out-migration. If applied to the United States as a 
whole, or other areas with relatively closed borders, such a chart would do little more than 
confirm that a given group of people tend to age at a constant and predictable rate. 
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The retiree population since 1970 has increased dramatically, but during the same period 


employment growth attracted a younger generation in great numbers as well. 
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Figure 7 is a line graph showing 


SPECIALIZED APPLICATIONS 
The age profile techniques discussed in this article aren’t limited to specific 


FIG. 6. Average number of permanent residents at a given age in Lee County in 1970, 1980 
geographic areas, and need not be illustrated by bar charts 


and 1990. (Data Source: Derived from the 1970, 1980 and 1990 U.S. Census.) 
broken down by race and by Hispanic origin. Thus, similar analyses can be made for almost 


in-migration are phenomena of black Floridians! The U.S. Census supplies voluminous data 
any geographic area one chooses, no matter how large or small. 


Florida age profiles broken down by race. Note that neither the baby boom nor the retiree 
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FIG. 7. Average number of permanent Florida residents at a given age on April 1, 1990, by 
race. Broken line = black; heavy solid line = all other races. (Data Source: 1990 Census). 


SOME OBSERVATIONS ON THIS DATA 


. The diversity of Southwest Florida communities truly extends beyond race and 
ethnicity. 
2. If school construction were in the domain of private enterprise, smart money would 


be moving in that direction with blinding speed. 


5. When the baby-boom residents reach retirement and intersect with a continuing 
influx of retirees from cutside Florida, that smart money will already have moved into 
health care -- and into labor recruitment to keep service enterprises functioning. 


4. Generalizations about Florida are certainly of interest but are better if based on facts 
beyond those that an observer can take in with a single pair of eyes. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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REGIONAL WILDLIFE HABITAT PLANNING IN THE TAMPA BAY REGION 
J. W. BEEVER III 


Florida Game and Fresh Water Fish Commission 
29200 Tuckers Grade, Punta Gorda, FL 33955 


ABSTRACT: The need for regional wildlife habitat planning is critical in the Tampa Bay region because of high 
rates of growth and habitat removal. The commitment to regional wildlife habitat planning in order to help maintain 
regional species viability and diversity, has been adopted in Goal 10 of the Tampa Bay Regional Comprehensive 
Plan (1992) and in several local govemment comprehensive plans. The plan includes identification and protection 
of large preserves linked by coastal, riverine, and large mammal wildlife corridors. Implementation techniques to 
protect identified wildlife habitat include regulation, acquisition, and incentive programs. The difficulties of 
establishing the plan include resolving multiple-use land conflicts, the applicability of conservation biology theory 
to real world situations, and the need for accurate, basic information on regional biology. 


The protection and restoration of regional wildlife habitat is essential to the 
preservation of the biodiversity and watershed values of the Tampa Bay region. Based on 
Landsat satellite imagery (Florida Game and Fresh Water Fish Commission, 1989) 
approximately 68.38% of the watershed of Tampa Bay is upland. Developed lands 
constitute 41.3% of the watershed (60% of all uplands). Based on soils, elevation, and 
hydrology it can be estimated that at least 70% of the uplands of the Tampa Bay region 
were pine forest habitats. As a group, xeric, mesic, and hydric pine flatwoods were reduced 
to approximately 50% of their historic extent in Florida by 1970 (Birnhak and Crowder, 
1974) by agricultural activities, speculative real estate clearing, and urban development. 
Wade et al. (1980) reported that in 1980 pine flatwoods occupied more area in south 
Florida than any other kind of plant community except the Everglades marsh. By 1989, 
Florida Game and Fresh Water Fish Commission (FGFWEFC, 1989) mapping of southwest 
Florida indicated that pine flatwoods have dropped to fifth in areal extent behind grasslands, 
cypress swamp, dry prairies, and freshwater marsh. For the first time, urban areas occupied 
more acreage in southwest Florida than did pine flatwoods. Today only approximately 21% 
of the watershed (31% of the uplands) of the Tampa Bay Region are upland pine habitats, 
with almost all of the coastal pine forest systems on the shores of Tampa Bay eliminated. 

Long (1974) lists 361 species of plants in the wet pine forest habitat of south Florida. 
This is the highest plant species diversity of any habitat in south Florida. Hardwood 
hammock is second (306 species) and dry pine flatwoods third (303 species) in plant species 
diversity. The natural habitats of the Tampa Bay region provide critical or essential habitat 
for 39 mammal, 331 bird, 67 reptile, 27 amphibian and 269 fish (66 freshwater and 203 
marine and estuarine) species (Schomer and Johnson, 1990). The natural habitats of the 
Tampa Bay region provide critical or essential habitat for at least 37 federally-listed and 
Sstate-listed species including Florida black bear, wood stork, and Eastern indigo snake. 
Hayes (1991) determined that habitat destruction is a major factor which contributes to the 
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status of threatened and endangered mammal species. The process of preserving species 
diversity through large scale habitat protection favors the listed species of the Tampa Bay 
region. 

There are federal, state, and local requirements and initiatives for regional wildlife 
habitat planning. The goals of the Migratory Bird Act and the Endangered Species Act are 
fostered within the protection of the habitats designated in the Regional Wildlife Habitat 
Plan. 

The Florida Growth Management Act and the implementing administrative rule, 9J-5, 
Florida Administrative Code, require all local jurisdictions to adopt implementing policies 
for the "protection and conservation of the natural functions of existing ... wildlife habitats". 
The FGFWEFC published the Model Local Government Comprehensive Plan GFC Policies 
and Recommendations, July 1986, to propose implementation policies for local governments 
to gain compliance with the Growth Management Act. This document recommended a 
policy that wildlife corridors should be established in order to maintain species viability and 
diversity. 

The Tampa Bay Regional Planning Council has adopted this and other policies 

regarding protection of listed species and their habitats, with which local government 
comprehensive plans must be consistent. Associated regional policies include: Policy 10.6.3: 
Representative examples of all natural communities native to the Tampa Bay region should 
come under public ownership and be protected for future generations; Policy 10.6.4: There 
will be no net loss of populated endangered or threatened species habitat within the Tampa 
Bay region as a result of land development decisions; Policy 10.6.5: Land use decisions shall 
be consistent with federal- and state-listed species protection and recovery plans, and habitat 
management guidelines; Policy 10.6.6: Tampa Bay Regional Planning Council will work with 
the Florida Game and Fresh Water Fish Commission, U.S. Fish and Wildlife Service 
(USFWS), Florida Department of Agriculture, Florida Natural Areas Inventory (FNAI) and 
the region’s local governments to determine the distribution of listed species occurrence. 
Local governments will initiate surveys of flora and fauna to determine distribution and 
abundance within their jurisdiction. In the interim, entities will coordinate with the Florida 
Game and Fresh Water Fish Commission, U. S. Fish and Wildlife Service, and the Florida 
Department of Agriculture in addressing mitigation of impacts for listed species; and Policy 
10.6.7: Regional wildlife corridors should be identified and established in coordination with 
the Florida Game and Fresh Water Fish Commission, and the U.S. Fish and Wildlife 
Service, in order to maintain long-term protection of wildlife resources in the region. 
_(TBRPC, 1992) 
The FGFWEC is implementing the above statutes, rules, and plan policies in part 
_ through state-wide habitat mapping and state-wide regional wildlife habitat planning (Kautz 
1989, 1991). This program is entitled the "Comprehensive State-Wide Habitat System". It 
is a special project funded through the FGF WFC operation plan and administered by the 
Office of Environmental Services and the Non-Game Program. The Tampa Bay Regional 
Wildlife Planning process is a part of this program. 
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MATERIALS AND METHODS 


Regional wildlife habitats are habitats used by populations of wild native animals to 
fulfill life-cycle requirements. These requirements include finding food, shelter, water, and 
mates. Fragmentation of habitat interrupts critical life history activities and natural 
movement patterns, resulting in reduction of population sizes and potentially local extinction 
(Dennis et al., 1991). 

A wide variety of mapping tools are utilized in the Regional Wildlife Habitat 
planning methodology, including FGFWFC Landsat habitat maps, false color infrared 
aerials, Soil Conservation Service maps, United States Geological Service maps, USFWS 
habitat mappings, National Wetland Inventory maps, maps produced by National Estuary 
Programs and Surface Water Improvement Management (SWIM) Plan projects, existing 
published and gray literature, and maps associated with development reviews including 
Developments of Regional Impact (DRI). 

Existing and proposed public lands, easements and rights-of-way held by local, state, 
and federal agencies and other properties designated for conservation and preservation 
purposes are identified as large preserve areas and habitat links (Figure 1). Large preserve 
areas and their linkages are essential to a regional wildlife habitat system. Utility and 
abandoned easements and rights-of way are considered where of appropriate habitat and 
location, to add width and continuity to the regional wildlife habitats. 

Proposed public and private lands that are designated for acquisition for 
conservation/preservation purposes are included when on a substantiated list such as 
Conservation and Recreation Lands (CARL), the Save Our Rivers (SOR) and SWIM 
programs, Preservation 2000, and county bond issues and capital improvements programs 
(Environmental Lands Acquisition Program, Pinellas County, etc.). Lands designated as 
preserves/conservation areas by the local governments in their comprehensive plans, and 
lands so designated by the regional planning council in their Regional Comprehensive Plan 
are included. Lands under review or on candidate lists but not finalized or ranked are not 
included. 

The forty-five target animal species used to identify regional wildlife habitat are 
derived from the FGFWFC lists of rare and endangered species (Wood, 1992) and their 
occurrence in the Tampa Bay Region as determined by direct observation and documented 
sources. The target species are Florida black bear, Florida panther, river otter, bobcat, 
long-tailed weasel, Southeastern big-eared bat, Sherman’s fox squirrel, Florida mouse, 
round-tailed muskrat, brown pelican, wood stork, Florida sandhill crane, mangrove clapper 
rail, little blue heron, reddish egret, snowy egret, tricolored heron, roseate spoonbill, 
limpkin, piping plover, southeastern snowy plover, least tern, roseate tern, American 
oystercatcher, bald eagle, merlin, peregrine falcon, southeastern American kestrel, eastern 
American kestrel, northern harrier, Audubon’s crested caracara, burrowing owl, 
red-cockaded woodpecker, Florida scrub jay, Bachman’s sparrow, Florida grasshopper 
sparrow, Atlantic green turtle, Atlantic loggerhead turtle, Suwannee cooter, gopher tortoise, 
eastern indigo snake, Florida pine snake, short-tailed snake, American alligator, gopher frog, 
and common snook. Documented animal use areas and travel corridors were initially 
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Existing Preserves 


FIG. 1. Existing preserves of wildlife habitat in the Tampa Bay region. 
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identified utilizing existing wildlife databases (Florida Natural Areas Inventory, Florida 
Breeding Bird Atlas, Wading Bird Surveys, Shorebird Surveys, Wildlife Observation System 
Database) and mapping of habitats documented to be necessary for and utilized by the 
target species. Significant gaps were present in existing databases for many of the target 
species. These gaps were addressed by direct field investigation of areas of suitable habitat 
that did not have records of target species occurrence. 

Where large tracts of suitable documented habitat were indicated by existing maps, 
these sites were field investigated and ground-truthed to determine if suitable habitat was 
currently present and if target listed species were present. In addition, during the execution 
of other duties for the FGFWEFC, including project review, habitat planning, and other 
research projects, suitable habitat was recorded and surveyed for target species. 
Subsequently, new data on areas of habitat and target species presence provided additional 
information to FGFWFC mapping and databases that were not in the existing 
documentation. 

Where large tracts of suitable habitat and target species are present, expansions of 
existing preserves or new preserves were designated. Where existing suitable habitat and 
target species are present on smaller parcels of land that connect the existing large preserve 
areas through existing habitat preserves, linkages were designated. Corridor alignments 
consisted only of documented animal use areas and habitats documented to be essential for 
the target species. 

In the overall design of the Regional Wildlife Habitat Plan the following criteria were 
utilized. Wider corridors and larger preserve areas are the preferred design. The following 
widths were the minimums set, for the purposes of this plan, to accommodate large mammal 
habitats: 1/4 mile width for a mile-long corridor connecting large preserve areas and 1/2 
mile width for 4-mile long corridor connecting large preserve areas. A one square mile area 
(640 acres) of suitable habitat documented for target species is considered a large preserve. 
Upland buffers along wetlands are recommended to be at least 1,000 feet wide. Although 
it is not possible to include upland buffers on all sides of a wetland, it was preferred. When 
only one side of a wetland includes an adequate upland buffer, the one-sided buffer was 
designated at least 2,000 feet in width. In areas where wildlife corridors are narrow (e.g. 
1/4 mile in width), minimum buffers are recommended at 500 feet. Recommended riverine 
buffers are a minimum of 550 feet landward of mean high water. 

Where they exist in coordination with suitable habitat documented for wildlife use, 
natural agricultural lands such as native range and existing surface water management 
conveyances are included as links in the network. 

The Tampa Bay Regional Wildlife Habitat Plan was coordinated with adjacent 
counties, municipalities, and regions to maintain inter-county/city wildlife habitat linkage 
and preserve connections. The FGFWFC has also identified or is identifying Regional 
Wildlife Habitat Plans in all the counties of the Southwest Florida Regional Planning 
Council in conjunction the Florida’s Growth Management Act. The Regional Wildlife 
Habitat Plans for the counties adjacent to these regions are in progress. 
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RESULTS 


A composite black and white map of the Tampa Bay Region Wildlife Corridor 
System as of March 1993 is presented in Figure 2. The working map on computer is in 
color. The Tampa Bay Regional Wildlife Habitat Plan is a work in progress as new 
preserves are acquired, existing habitat is lost to development, and new target species 
information is gathered. This map reflects approximately three years of data collection and 
regional wildlife habitat planning. 

For the Tampa Bay Region, three general types of regional wildlife habitat were 
identified: coastal, riverine, and large mammal. 

The designated coastal habitats buffer and interconnect estuaries and _ their 
tributaries. This provides migratory flyways for waterfowl, shorebirds, and passerine birds, 
and protects rookeries and nesting areas. These habitats include coastal strand and dunes, 
tropical hardwood hammock, coastal oak hammock, coastal scrub, mangrove forest, 
saltmarsh, high marsh, riverine riparian forest and pine forests. 

The Tampa Bay Region includes one of the least intact coastal zones in Florida. The 
mangrove and saltwater wetland fringe of most of the region is fragmented and relatively 
small. This is due, in large part, to the absence of regulatory controls and acquisition 
programs during the period of major coastal development in the region. Coastal scrubs, oak 
hammocks, and pine flatwoods comprise the upland buffers adjacent to the remaining 
coastal wetlands. Tropical hardwood and coastal cedar hammocks are present in limited 
relictual tracts. Many migratory birds use the coastal zone as flyway, feeding, and breeding 
areas. The coastal scrubs and hammocks harbor a variety of listed and endemic plant 
species. Scrub jays, gopher tortoise, indigo snakes, and gopher frogs are found in Tampa 
Bay region’s coastal scrubs. Only a small percentage of the Tampa Bay region’s coastal 
wetlands and coastal uplands (Figure 1) are conserved by federal, state, local, and land trust 
ownership. 

The designated riverine habitats are, by their natural shape, linear corridors that link 
interior wetland system headwaters to the coastal and receiving estuarine waters following 
rivers, creeks, major canals with naturalized banks, and flooded sheetflow slough systems. 
These areas are important to the protection of riverine species, estuarine and riverine 
fisheries, and seasonal migratory routes for game and non-game species. Riverine habitats 
include riverine forest, mangroves, marshes, riverine scrub, oak hammock, hydric hammock, 
cypress slough, and mixed hardwood swamp forest. Riverine corridors are a focus of 
regional biodiversity (Naiman et al., 1993). Greatest species diversity is achieved by 
including a complete upland buffer. The designated riverine corridors have been identified 
based on the health of the adjacent vegetative systems and on the potential for the river to 
connect coastal habitats to large mammal habitats. Hillsborough River, for example, is 
substantially developed at the lower extent. However, it passes through the highest quality 
upland forests in Hillsborough County and its headwaters are in the greater Green Swamp 
system, which is a major node in the statewide habitat protection plan. Likewise, the 
Manatee River connects a wide variety of scrub, pine and wetland habitats with the coastal 
regional wildlife habitat of lower Tampa Bay. Other riverine systems provide similar critical 
links. Rivers that do not connect the coastal regional wildlife habitat to a large mammal 
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FIG. 2. Regional wildlife habitat plan for the Tampa Bay Region. 
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regional wildlife habitat are included if the riverine habitat system is intact and target 
species are present. 

The designated large mammal habitats consist of large mammal preserve areas and 
their linkages. Large mammal habitats are either wetland and upland, or upland alone. 
The habitats utilized were the preferred habitat types documented for large mammals, 
including pine forest, oak forest, oak-pine mixtures, sabal palm, oak and hardwood 
hammocks, hydric pine flatwoods, upper cypress slough, mixed hardwood swamp forest, wet 
prairie, and cypress prairie. 

The vegetative communities preferred by and documented for use by large mammals 
substantially determine the location and alignments of large mammal regional wildlife 
habitat. Both Florida panther and Florida black bear use forested systems, including cypress 
swamps, pine flatwoods, and hardwood associations (Belden et al., 1988, Maehr and Brady, 
1984, Maehr, 1986). Both species will travel along wetlands during the dry season and 
uplands year-round. Travel is associated with moving to better feeding and watering areas 
and mating. Long distance travel is performed by young animals that are in search of a new 
territory and/or mates (Maehr, 1992; Maehr et al., 1988). 

In the Tampa Bay Region radio-collaring and tracking data, such as that performed 
in Southwest Florida, are not available for these species. The presence and movements of 
black bears and Florida panthers of the Tampa Bay region are documented by sightings, 
signs, and reports of nuisance events. This information is augmented by literature and 
wildlife surveys for development projects. The low abundance of large-ranging predators 
eliminates the ability to achieve statistical significance and high levels of replication with 
occurrence data. However, all collected data corresponds to the locations of existing 
preferred habitat types. These habitats also correspond to habitats documented for other 
target species, including Bachman’s sparrow, Eastern indigo snake, Southeastern American 
kestrel, gopher tortoise, Florida sandhill crane, bald eagle, river otter, bobcat, wood stork, 
Florida mouse, and Sherman’s fox squirrel. 

Four large preserve areas consisting of expansions and new preserves are 
recommended. They include the major Hillsborough River-Blackwater Creek system of 
northeastern Hillsborough and southeastern Pasco Counties which also extends into Polk 
and Sumter Counties, the Anclote River-Pithlachascotee River-Brooker’s Creek system of 
western Pasco and northeastern Pinellas County, the upper Manatee River system, and the 
Myakka River mega-system of Manatee and Sarasota Counties. 

The difficulties of developing and establishing the plan include resolving multiple 
land-use conflicts, the applicability of conservation biology theory to real world situations, 
and the need for accurate, basic information on regional biology. 

During the process of this study significant gaps concerning the regional knowledge 
on several target species including Sherman’s fox squirrel, Southeastern American kestrel, 
Florida scrub jay, red-cockaded woodpecker, Florida mouse, Florida sandhill crane, Florida 
black bear, and Florida panther were evident in existing databases and literature. The 
absence of information was exacerbated by entrenched paradigms that these species were 
not present in or could not be present in portions of the Tampa Bay Region. Ongoing 
theoretical conflicts concerning the design and methods of preserves (Levin, 1993) impairs 
practical implementation of the Regional Wildlife Habitat Plan, while the listed species 
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habitat under consideration is lost to development. 

The continued policy of wetland regulatory agencies of establishing small isolated 
preserve sites within the developing urban landscape contributes to the process of habitat 
fragmentation. Without a coherent plan and in isolation, these small preserve efforts will 
not provide the wildlife values and functions sought. The Tampa Bay Regional Wildlife 
Habitat Plan can serve as a tool to insure continuity among the various development 
preserves and conservation areas to avoid habitat fragmentation. 


CONCLUSIONS 


The Tampa Bay Regional Wildlife Habitat Plan was written with a long-term 
perspective. Many years will be required to implement this plan. It represents a tool to be 
used to focus land acquisition, regional planning, and regulatory recommendations. This 
plan is designed to assist decision makers and planners in the siting of facilities and in 
determining priorities for sensitive lands acquisition. 

Implementation techniques to protect the wildlife habitats identified in this plan will 
include regulation, acquisition, and incentive programs. Different planning tools will need 
to be utilized in each jurisdiction. Hillsborough County has adopted a wildlife habitat 
ordinance and plan that corresponds with portions of the Tampa Bay Regional Wildlife 
Habitat Plan. Other portions of the plan have been nominated for P-2000, CARL, and SOR 
acquisition projects by various entities. Several land developments, such as Serenova DRI, 
have incorporated wildlife corridors within the project design to address concerns for listed 
species and biodiversity. The Hillsborough River Greenways Project of the 1000 Friends 
of Florida corresponds with the Tampa Bay Regional Wildlife Habitat Plan. 

As the Tampa Bay Regional Wildlife Habitat Plan takes physical form, recreational 
and tourism opportunities will be available adjacent to, and in some places, within the 
preserve system. As large and linear tracts of wildlife habitat are preserved, multiple land- 
use conflicts can be expected to occur as competing public interests desire use of the land. 
To date in the Tampa Bay region, these conflicts have taken the form of consumptive versus 
passive recreation interests, utility siting for water supply, linear utility and road project 
planning through habitat that is perceived as vacant and available for public easement, and 
differential management goals of competing conservation interests. 

The Tampa Bay Regional Wildlife Habitat Plan, with its large preserve areas and 
linkages, will function as a wildlife reservoir. With its implementation, the protection of 
regional wildlife habitat and the preservation of the biodiversity and watershed values of the 
Tampa Bay region will be significantly enhanced, allowing the species that exist in Tampa 
Bay Region today to continue to survive, to be enjoyed by residents, visitors, and future 
generations. 
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DIURNAL DISSOLVED OXYGEN IN TWO TAMPA BAY SEAGRASS MEADOWS: 
RAMIFICATIONS FOR THE SURVIVAL OF ADULT BAY SCALLOPS 
(ARGOPECTEN IRRADIANS CONCENTRICUS) 


JAY R. LEVERONE 


Mote Marine Laboratory, 1600 Thompson Parkway, Sarasota, FL 34236 


ABSTRACT: Dissolved oxygen (DO), temperature (T) and salinity (S) were measured continuously in two 
Tampa Bay seagrass meadows from late August through October, 1992. Grassbeds were (1) offshore Beacon Key, 
south of Cockroach Bay and (2) in Boca Ciega Bay between Maximo and Bunces Passes. Temperature pattems 
were very similar between sites, while salinity was 2-5 parts per thousand lower at Beacon Key. Daily DO at Beacon 
Key ranged from a mean low of 4.38 + 1.71 mg/l to a mean high of 9.23 + 1.73 mg/l. Daily DO in Boca Ciega 
Bay ranged from a mean low of 5.32 +0.86 mg/l to a mean high of 8.69 41.17 mg/l. Mean daily DO fluctuations 
were greater at Beacon Key. The only hypoxic event (DO < 2 mg/l) occurred for six hours at Beacon Key on 
September 9. Laboratory studies showed that adult bay scallops were able to survive prolonged exposure to low 
dissolved oxygen (2-4 mg/l for 8-24 hours) at several temperature:salinity combinations. It appears that dissolved 
oxygen is not the primary factor responsible for the decline of adult bay scallops from grassbeds in lower Tampa Bay. 
Funding was provided by the Tampa Bay National Estuary Program (TBNEP). 


Dissolved oxygen (DO) plays a critical role in regulating the health of estuarine 
systems. Unfortunately, low dissolved oxygen has become increasingly common in a variety 
of estuarine and marine regions, from the coasts of Denmark and Sweden to Chesapeake 
Bay and the Gulf of Mexico (Turner and Allen, 1972; Rosenberg, 1990; Rossignol-Strick, 
1985; Stachowitsch, 1984). Low dissolved oxygen levels are frequently the result of human- 
induced nutrient enrichment of nearshore waters, often referred to as cultural eutrophication 
(Ryther and Dunstan, 1971; Officer et al., 1984; Rosenberg, 1985). 

Dissolved oxygen patterns in Tampa Bay seagrass meadows typically follow a diurnal 
rhythm driven by differences between net daylight photosynthesis and night-time respiration. 
During the summer predawn hours, DO concentrations may fall below two milligrams/liter 
(mg/l) for extended periods of time. These periodic episodes have potentially serious 
consequences for any organism that does not possess physiological or behavioral mechanisms 
for coping with temporary hypoxia. However, most water quality monitoring programs, 
which collect data during midday hours, are not designed to detect diurnal changes in water 
quality and therefore are unlikely to uncover potentially critical hypoxic episodes. 
Furthermore, these programs often do not monitor any type of biological response to 
dissolved oxygen measurements. 

Physiological effects of hypoxia (DO <2 mg/I) on fish and shellfish are well-known 
(Butler et al., 1978; Kapper and Stickle, 1987; DeFur et al., 1990). Behavioral changes in 
marine organisms can also be induced by hypoxia (Hagerman and Szaniawska, 1986; 
Kramer, 1987). If marine organisms cannot evade hypoxic waters, as in blue crab migrations 
(Bailey and Jones, 1989), they must be able to adapt to conditions or perish. The eggs and 
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larvae of bay anchovies, Anchoa mitchelli, are extremely susceptible to hypoxic conditions 
(Chesney, 1989), and their survival and geographic distribution within estuarine systems 
might be somewhat controlled by hypoxia. Hypoxic events also affect population densities, 
recruitment and reproduction of individual species (Breitburg, 1992) and well as 
macrobenthic community structure and composition (Santos and Simon, 1980; Gaston, 1985; 
Dauer et al., 1992). 

The present study is part of a larger TBNEP study to ascertain the environmental 
conditions for the survival and successful spawning of adult bay scallops in Tampa Bay. 
Dissolved oxygen, temperature and salinity were continuously measured in two Tampa Bay 
seagrass meadows from late August through October, 1992. Concurrent laboratory 
experiments were also conducted to assess the qualitative effects of low dissolved oxygen 
levels on mortality and behavior of the bay scallop, Argopecten irradians concentricus. 


MATERIALS AND METHODS 


Field Studies: This study was conducted within two seagrass meadows from middle and 
lower Tampa Bay (Figure 1). Both stations were located along the outer edge of perennial, 
healthy fringe seagrass meadows. One station (Beacon Key) was placed 400 meters off 
Beacon Key, south of Cockroach Bay and the other station (Boca Ciega Bay) was situated 
east of the Sunshine Skyway Causeway between Bunces and Maximo Passes. Stations were 
located in approximately six feet of water. 

A Hydrolab Corporation Model Datasonde IIH water quality data logger, equipped 
with a recessed cathode DO sensor, was deployed at each site on August 27, 1992. Each 
instrument was programmed to record temperature, salinity and dissolved oxygen at twenty- 
minute intervals. Each instrument was left in the field for periods of up to ten days, after 
which time they were retrieved, cleaned, recalibrated and redeployed. 

Five separate Hydrolab deployments were made from August 27 through October 27, 
1992. Correction factors were developed for each deployment based on regression equations 
derived from laboratory calibrations to account for membrane fouling and sensor drift. 

Additional field measurements included turbidity, total and volatile suspended solids, 
chlorophyll a and phytoplankton composition, and scallop growth, mortality, and 
reproductive development. These findings are found in another paper within these 
Proceedings. 


Laboratory Experiments: Laboratory exposure tests were conducted to examine the 
tolerance levels of bay scallops to a variety of hypoxic conditions. Tests consisted of one 
control and duplicate test aquaria for each static, non-renewal exposure test. Laboratory 
tests were designed to provide the necessary data to predict field mortality of bay scallops 
during periods of temporary hypoxia. 

Adult bay scallops (mean shell height = 57.65 + 2.45 mm) were collected from 
Steinhatchee, FL on September 3 and kept in indoor holding tanks at Mote Marine 
Laboratory for two weeks prior to experiments. Holding tanks were maintained at a 
temperature of 25 + 0.5°C, a salinity of 33 + 1 ppt, and saturated oxygen conditions. 
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FIG. 1. Middle and Lower Tampa Bay, showing the two seagrass study areas. 
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Prior to each trial, scallops (three per aquarium) were transferred to the control and both 
test tanks and acclimated to test temperatures and salinities over 24 hours. Temperature 
was regulated by aquarium heaters and the salinity was adjusted with deionized water. 
Scallops were fed a continuous supply (4 x 10° cells/ml @ 10 ml/hr) of the green alga, 
Tetraselmis sp. Desired DO levels were achieved by bubbling a mixture of air and N, to the 
test aquaria through a gang valve. 

DO was lowered to the desired level over a four-hour period. DO levels were 
checked every 15 minutes with a YSI Model 57-oxygen meter calibrated using the Winkler 
method. Water quality (ammonia and nitrite) was monitored hourly. | 

Seven exposure trials were conducted between September 18 and October 9, 1992. 
During each trial, observations were made on "escape response", valve gaping (whether open 
or closed) and response to tactile stimulus (touching the tentacles of the mantle margin). 
After the conclusion of each trial (including a return to normoxic conditions), scallops were 
returned to the holding tank and observed for latent mortality. 


RESULTS 


Over a two month period, each Hydrolab unit recorded temperature, salinity and 
dissolved oxygen every twenty minutes for a total of 3,225 individual measurements. Very 
little difference in temperature was observed between the two sites (Figure 2A). Mean daily 
temperature at both sites fluctuated between 29 and 31°C through late September, when the 
daily mean temperature fell to a range between 23 and 26°C. Salinity ranged from 26 to 
30 ppt at Boca Ciega Bay and from 22 to 28 ppt at Beacon Key (Figure 2B). Mean daily 
salinity was consistently lower by one to five ppt at Beacon Key. 

Daily maximum DO at Boca Ciega Bay varied between 6 and 10 mg/! (most often 
around 8 mg/1), while the daily minimum DO ranged between 3 and 6 mg/1 (Figure 3A). 
Daily maximum DO at Beacon Key varied between 8 and 12 mg/1, while the daily minimum 
DO varied between 2 and 4 mg/I (Figure 3B). Both daily maxima and minima DO 
fluctuated more widely over time at Beacon Key. In addition, over the course of a single 
day, DO at Beacon Key often fluctuated between 3 and 9 mg/l. On September 9, the 
greatest daily fluctuation in DO occurred at Beacon Key, varying between 1.63 and 12.23 
mg/l. 

Dissolved oxygen data were averaged for each twenty minute time period over a 24- 
hour cycle for each site (Figure 4). Lowest mean DO levels occurred at 0840, while the 
highest mean levels occurred at 1720. Greater mean daily fluctuations in DO were observed 
at Beacon Key. | 

Histograms were generated to show the amount of time per day that DO values fell 
below potentially stressful or lethal limits (4 mg/I and 2 mg/I, respectively). On only four 
occasions did the DO at Boca Ciega Bay drop below 4 mg/l, with each episode lasting less 
than three hours (Figure 5A). Dissolved oxygen at Beacon Key, however, frequently 
dropped below 4 mg/I, at least through late September (Figure 5B). These occurrences 
were mostly continuous and typically lasted up to six hours, with some days experiencing 
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FIG. 2A. Mean daily water temperature readings at the two study sites. 
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FIG. 2B. Mean daily salinity measurements at the two study sites. 
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FIG. 3. Daily mininum and maximum dissolved oxygen levels at the Boca Ciega Bay (A) and 
the Beacon Key (B) sites. 
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FIG. 4. Dissolved oxygen data averaged for each 20-minute period over a 24-hour cycle for 
each site. 
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FIG. 5. Number of hours per day that dissolved oxygen levels were below potentially stressful 
(4mg/1) or lethal (2mg/1) limits. 
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more than eight hours of DO at levels less than 4 mg/I. On one occasion (September 9) 
the DO dropped below 2 mg/I (for 2 hours). 

Results from the laboratory exposure trials are shown in Table 1. Test organisms 
were able to survive mild exposure to low DO without any apparent reduction in behavior 
or response (Trial 2). More prolonged exposure to lower DO levels (Trials 3 and 4) 
resulted in one casualty at the higher exposure temperature (30° C), while all other test 
organisms showed normal responses. Under extreme conditions (Trials 6 and.7), all test 
organisms exhibited depressed activity and/or response, which led to mae (67%) up to 
three days after a return to normoxic conditions. 


TABLE 1. Summary of laboratory trials on the response of adult bay scallops (Argopecten 
irradians concentricus) to low dissolved oxygen levels. Table includes trials conditions, 
duration of exposure and results (findings). 


DISSOLVED 


TRIAL TEMP SALINITY OXYGEN DURATION FINDINGS 
(°C) (0/00) (mg/1) (h) 

] 25 27-29 7.5 48 Positive tactile response; no 
mortality. 

2 24 32 2-4 2.5 Positive tactile response; no 
mortality. 

3 24 30 <2 6 Positive tactile response; no 
mortality. 

4 30 30 <2 6 One test organism ~ broken hinge + 
died. 

5 30 25 <2 (2-4) 3 (4) Two controls died; one test 
organism died; negative tactile 
response. 

6 24 33 1-3 24 Two test organisms died within 
three days; negative tactile 
response; curled mantles. 

7 30 33 <2 24 One test organism died; another 
died three days later. Negative 
tactile response; curled mantles. 

CONCLUSIONS 


There were no appreciable differences in temperature between the Beacon Key and 
Boca Ciega Bay sampling sites. The most significant observation concerning temperature 
during the study period was the rapid, five degree drop in temperature toward the end of 
September. Temperature acts as the primary cue signalling scallops to spawn. Barber and 
Blake (1983) witnessed an identical drop in mean water temperature from 30 to 25°C during 
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October, 1979, which initiated spawning in natural scallop populations from the Anclote 
Estuary. Preliminary results on scallop reproductive condition from this study indicate that 
spawning was probably initiated during this period of falling temperature. 

Salinity ranged from 26 to 30 ppt at Boca Ciega Bay and from 22 to 28 ppt at Beacon 
Key. Mean daily salinity was also consistently lower at Beacon Key by one to five ppt. Bay 
scallops live within sounds and bays where the salinity usually remains above 20 ppt 
(Gutsell, 1930), although Castagna and Chanley (1973) reported a distributional minimum 
of 14 ppt for bay scallops from Virginia. Bay scallops may even survive salinities as low as 
7 ppt by closing their valves and isolating themselves from the environment, but only for 
periods of less than two hours (Sastry, 1961). Therefore, based on mean climatological 
salinities (TBNEP, 1992), bay scallops in Tampa Bay should not be restricted in their 
distribution. The possibility still exists, however, that severe storms could produce bay 
scallop mass mortalities as a direct result of low salinities incurred by storms (Tettlebach 
et al., 1985). 

Daily DO minima were consistently lower at Beacon Key compared to Boca Ciega 
Bay, often falling below 4 mg/I for several hours a day. Hypoxia, however, was not a 
problem at either site. On only one occasion did the DO drop below 2 mg/l (September 
9). These daily periods of low oxygen do not appear to be severe enough to cause 
physiological or behavioral harm to adult bay scallops. Several studies have demonstrated 
that respiration in the bay scallop is independent of DO concentration to about 2 mg/I (Van 
Dam, 1954; Voyer, 1992). Beacon Key also had wider daily fluctuations in dissolved oxygen, 
as revealed by lower daily minima and frequently very high maxima. These larger daily DO 
fluctuations may be partially explained by higher phytoplankton and chlorophyll a levels at 
this site. The effects of fluctuating DO on any aspect of bay scallop biology are unknown. 

Temperature and salinity combinations utilized in the laboratory trials simulated 
values obtained from the field. Test organisms were able to survive mild exposure to low 
DO without any apparent reduction in behavior or response (Trial 2). Scallops exposed to 
conditions similar to the observed hypoxic event at Beacon Key showed positive tactile 
responses (they closed their valves) and no mortality. More prolonged exposure to lower 
DO levels (Trials 3 and 4) resulted in one casualty at the higher exposure temperature 
(30°C), while all other test organisms showed normal responses. (In trial 5, the mortality 
observed in the control aquarium probably indicated improper acclimation to test conditions 
during this experiment). Under extreme conditions (Trials 6 and 7), all test organisms 
exhibited depressed activity and/or response, followed by death (67%) over a period of 
three days after a return to normoxic conditions. 

At the lower experimental temperature (25°C), no visible effects were observed at 
DO levels less than 2 mg/1 for exposure periods up to 6 hours. At the higher temperature 
(30°C), depressed organismal responses were observed, followed by one casualty. Finally, 
extreme exposure to low DO resulted in both sub-lethal effects and death at both 
temperatures. Overall, mortality was greater at the higher temperature. Voyer (1992) 
observed a decrease in respiration rates at higher temperatures when bay scallops were 
exposed to low (2 mg/1) DO levels. The occurrence of low DO episodes in the field also 
coincided with warmer water temperature prior to October 1. This potential limiting effect 
of DO implies that, under hypoxic conditions, the upper thermal tolerance limit of the bay 
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scallop could be reduced. The increased expenditure of energy that accompanies the 
increase in environmental temperature (Barber and Blake, 1983; Shumway, 1982) would 
place greater physiological demands on the organism. 

Traditional water quality monitoring programs, which typically collect data during 
midday hours, do not detect diurnal changes in water quality and therefore cannot uncover 
potentially critical hypoxic episodes which usually occur during early morning hours. 
Although no evidence of hypoxia was found for the grassbeds under investigation in this 
study, it is probable that more shallow, sheltered grassbeds within Tampa Bay will undergo 
hypoxia during certain times of the year. Based on these findings and the general awareness 
of diurnal cycles in select water quality parameters, monitoring programs should incorporate 
at least some diurnal sampling, and include shallow seagrass beds where bay scallops should 
occur in abundance, to account for these daily fluctuations. 
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RECENT WORK ON ANTHROPOGENIC IMPACTS TO 
FRESHWATER INFLOWS TO TAMPA BAY, FLORIDA 
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Coastal Environmental, Inc. 9721 Executive Center Drive North, 
Suite 104, St. Petersburg, Florida 33702 


Tampa Bay’s freshwater inflow regime has a profound influence on many of the living 
resources of the bay and its tributaries. Recent work, sponsored by the Tampa Bay National 
Estuary Program, has provided new assessments of current and historical freshwater inflows 
to the bay, the inflows’ impacts on the estuary’s salinity structure, and consequent effects to 
living resources of the bay. Using measured data and empirical modeling techniques, 
estimates were made of current and historical freshwater inflows to the seven major 
segments of Tampa Bay. Major sources of freshwater inflow include nonpoint sources 
(stormwater runoff and base flow), point source discharges, direct rainfall, and groundwater. 

Conclusions addressing freshwater inflows to the bay as a whole include: 


° Direct rainfall and streamflow are the major contributors to freshwater inflow to 
Tampa Bay. Domestic and industrial point sources did not appear to significantly 
influence salinity gradients in the bay, with the exception of Hookers Point 
Wastewater Treatment Plant, which is a significant source of freshwater to 
Hillsborough Bay during the dry season. Groundwater inflows are estimated to be 
one to two orders of magnitude less than the major inputs. 


° Both existing condition and historical condition freshwater inflows exhibit seasonal 
variability, with distinct wet and dry seasons. 


° Existing condition freshwater inflows exhibit inter-annual variability, generally in 
response to variations in precipitation. 


° Estimated historical freshwater inflows were very similar to existing condition inflows. 
Monthly flows for each bay segment were most similar during low flow conditions, 
and diverged under high flow conditions. 


° Spatial trends were evident in the inflow-salinity relationships. Month-to-month 

variation in freshwater inflows had the greatest effect on in-bay salinities: 

= at salinity sampling sites closest to major freshwater discharges; 

= in bay segments and in sub-segments with the most restricted internal 
circulation and inter-segment exchange; 

5 in bay segments with the highest ratio of freshwater inflow to segment 
volume; and 

= in bay segments farthest removed from the Gulf of Mexico. 
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° Seasonal effects of monthly freshwater inflow on mean monthly salinity were evident. 
During the dry season, there were fewer significant inflow-salinity correlation 
relationships, on a bay-wide basis, than during the wet season months. This varied 
by bay segment and location within the segments. 


° Lag effects were also evident in the inflow’s affect on ambient salinity concentrations. 
Correlations of mean monthly salinity with the previous month’s inflow were more 
often significant than for the current month’s flow. Both wet and dry season flows 
had more significant correlations to salinity for the previous month’s flow than for 
the current month’s flow. This was especially evident in larger bay segments. 


e Based on the comparison of existing and historical freshwater inflows and the 
relationship between mean monthly salinity and monthly inflow, it does not appear 
likely that significant changes have occurred in the salinity regime of the open water 
segments of Tampa Bay, or that such changes can be attributed solely to alterations 
in freshwater inflows. 


e Based on these analyses, the areas where changes in salinity would be most likely to 
be severe enough to affect the distribution and abundance of living resources include 
sites close to major sources of freshwater inflows, for example near major tributary 
discharges. However, these areas have historically been subject to wide variation in 
salinity due to the proximity of major sources of freshwater, and organisms that live 
or breed in this type of environment have previously adapted to shifting salinity 
regimes. 


Results of this investigation also address conclusions for each bay segment. That 
information, with a detailed discussion of methods, assumptions, data sources, and results, 
is included in the report "Current and Historical Freshwater Inflows to Tampa Bay, Florida", 
and is available through the Tampa Bay National Estuary Program, St. Petersburg, Florida. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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O-18 COMPOSITION OF VARIOUS WATER TYPES IN THE 
HYDROLOGICAL CYCLE OF WEST-CENTRAL FLORIDA 


T. NETRATANAWONG AND W.M. SACKETT 


Department of Marine Science 
University of South Florida, St. Petersburg, Florida 


ABSTRACT: Stable oxygen isotope compositions of natural waters have proven to be excellent tracers for 
transfers from one reservoir to another, and have been used in this study of the hydrological cycle of west-central 
Florida. During the period of 1991-1992, rainwater, atmospheric water vapor, ground water in a transect from the 
Green Swamp to coastal southwest Hillsborough County, and selected tap waters have been monitored for 680 
(ratio of '80/'°O of sample compared to a standard in parts per thousand). Compositions in terms of 680 for 
the above types of waters were -4.4, -13.6, -2.8, and -2.4 o/oo, respectively. 

6°O in Flondan water in west-central Florida ts invariant during the one and one-half year study, but is 
heavier than the 680 of rainwater. Calculation of the fractionation factor between atmospheric water vapor and 
rainwater, collected in St. Petersburg, indicates there is an isotopic equilibrium between the two phases at = 25°C. 
Tap water has slightly heavier 6'80, compared to ground water. Interactions of old ground water with carbonate 
aquifer and/or saltwater/gypsum bed are possibly responsible for heavier 680 in ground water near coastal areas. 


Stable oxygen isotopes (oxygen-18 and oxygen-16) are natural tracers for water 
movements, transfers, exchanges and evaporation processes (Dansgaard, 1961). These 
processes often cause a partial separation of these two isotopes and the resultant 
- compositions sometimes give diagnostic information about the processes. For example, the 
ratio of oxygen-18 to oxygen-16 compared to a SMOW (Standard Mean Ocean Water) 
standard of rainwater, denoted as 5'°O, is -4 0/oo (parts per mille or parts per thousand), 
while 5'8O of atmospheric water vapor is -13 0/oo. Differences in 6'*O depends upon 
history and physico-chemical processes acting on water. Abiotic processes involve physical 
separation of oxygen-18 and oxygen-16 in evaporation, precipitation, and exchange with 
atmospheric water vapor. Alteration of 6'8O signature in water can be caused by biological 
metabolism and water-rock interactions. 

Limited background information on the 6'°O of various water types in west-central 
Florida is available (Sprinkle, 1989; Sackett et al., 1991; Swancar and Hutchinson, 1992). 
5'8O in deep ground water (Floridan water) in west-central Florida was studied spatially by 
Swancar and Hutchinson, 1992 on the premise of locating recharge areas in central Florida. 
They have confirmed based on tritium isotopic contents that the Green Swamp perimeter 
(Northern Polk County, Florida) is a recharge area for deep ground water (see also Back 
and Hanshaw, 1970). Ground waters of Hernando, Sumter, Citrus and Marion Counties 
have average 6!°8O (= -3.5 0/00; Figure 5) slightly heavier (positive) than weighted 6'%O of 
rainwater (= -4.4 0/00; Table 1). Since ground waters in the above areas are located in 
aquifers which are geologically oriented closed to the land surface (Ryder, 1985), one can 
assume an input of rainwater into these aquifers (see also Gat, 1974). Baseline 5'°O of 
source water in the area is lacking. Consequently, further study of rainwater, atmospheric 
water vapor, seasonal changes in 6'°O in ground waters, estuarine and river water types in 
the hydrological cycle of west-central Florida is necessary. 
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TABLE 1. Summary of 6'8O values (o/oo vs VsMOW) of various water types, their ranges, 
numbers of samples, and one standard deviation. 


Numbers of Range Mean Standard 
Samples Deviation 
Rainwater 110 -11.4 to +0.92 30 1.88 
(1991-1992) -4.4° 
Atm.water vapor 15 “1O.9 © WIG US5) 1.44 
Tap water i Las KO) UGS -2.4 O27 
Roy Haynes-surf 10 =5:08to} al -3.8 0.93 
-Floridan 10 =S).9) 110) =25) =2.9 0.28 
(1992-1993) 
Floridan* 86 -4.05 to 0.0 3.1 0.43 


(1989) 


“weighted mean = [={(6'8O)(a)}]/[=(a)] where "65'8O" is value of each rainwater; "a" is 
amount of each rainwater; "#" recalculated from raw data of Swancar and Hutchinson 
(1992) 


MATERIALS AND METHODS 


Oxygen-18 analysis: Using a modification of Epstein and Mayeda’s (1953) technique, 20 ml 
of water sample are equilibrated with 20 ml of tank CO, in a plastic syringe on a 
commercial paint shaker for 1.5 hours at 25°C. The oxygen atomic ratio of water to CO, 
is 600 to 1. The equilibrated CO, is then withdrawn and water is cryogenically separated 
by passing through a trap at -85°C. The dried CO, is collected and measured for 5'°O on 
an isotope-ratio mass spectrometer (MAT 250, equipped with a triple collector). A working 
SMOW (standard mean ocean water) standard is used as a reference gas. This standard is 
calibrated against a VSMOW standard (IAEA’s Vienna SMOW). The 6/80 of samples is 
reported relative to the VSMOW in parts per mille. Reproducibility of the 6'8O is 
estimated to be + 0.3 o/oo. The minimum amount of sample required is 3 ml. 


Water collection: Rainwater is collected on the roof of the Marine Science Building, St. 
Petersburg, Florida in a 30 cm-wide funnel with the small end closed. The water samples 
are stored in glass containers and analyzed individually for O-18 in duplicate within two 
days. A standard rain gauge is used to measure the amount of rainwater. Outside 
atmospheric air is pumped slowly, at the rate of | liter per minute, through a water trap at 
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-85°C for 5 hours. An aliquot of >3 ml is analyzed for O-18 using the oxygen atomic ratio 
of water to CO, at 600 to |. Each ground water well is purged for three well volumes 
before collecting samples. The samples are stored in glass containers filled to volume at 
room temperature. Tap water is collected, after running for one minute, in a glass 
container. 


RESULTS 


A summary of 6!8O of rainwater, atmospheric water vapor, tap water and Floridan 
water is presented in Table 1. Atmospheric water vapor has the lightest 680. Rainwater 
(weighted mean §'°O = -4.4 0/00) is slightly depleted in oxygen-18 compared to mean 
Floridan water (6'°O = -3.1 0/00). Tap water, collected from Tampa, St. Petersburg, 
Clearwater, Safety Harbor, and Orlando has average 50 of -2.4 o/oo, which is slighter 
heavier than the ground-water value in the region. Temporal variations of rainwater’s 5O 
at St. Petersburg during 1991-1992 are shown in Figure 1. The lightest 5'O of rainwater 
(-11.4 0/00) was collected during a tornado event; Hurricane Andrew’s 6!8O in rainwater 
was -5.0 0/oo. Correlation coefficient (r) for the amount of rainwater and 6'8O during 
1991-1992 (Figure 2) is -0.50 (y = -2.48 - 0.0587x; x=amount of rainwater in mm, y= 68O 
of rainwater). Figure 3 depicts comparisons between rainwater, Roy Haynes’s surficial and 
Floridan waters. Surficial water is almost one per mille lighter in 5'8O than Floridan water 
Cif the first three data points for surficial water are excluded). Floridan water shows 
invariant 5'°O for each well sampled along a transect from the Green Swamp to southwest 
Hillsborough County as shown in Figure 4. A re-construction of 5'°O variations in Floridan 
waters by counties (raw data from Swancar and Hutchinson, 1992) is shown in Figure 5. 
Northern Counties (see inset map) have lower 6'°O than southern Counties. 


DISCUSSION 


§°O in rainwater in St. Petersburg has a weighted mean value (-4.4 0/00; Table 1 
and Figure 1) that is close to the mean global value of -4.0 o/oo contour line (Yurtsever 
and Gat, 1981). Correlation between the amount of rainwater and 6O in rainwater, 
averaged for 1991-1992 (Figure 2), is in good agreement within analytical uncertainties with 
Joussaume and Jouzel (1993)’s French atmospheric general circulation model (AGCM). 
Our slope is -0.51 0/oo per 100 mm per day (0.0587/1.14), compared with their slope of - 
0.62 o/oo per 100 mm per day. Joussaume and Jouzel (1993) established relationships 
among 6'°Os in rainwater, temperature, amount of rainwater, and possible uses of 6'°O in 
ground water to estimate palaeo-climatic conditions as far back as the last Ice Age. 
Calculation of the isotopic oxygen fractionation factor between our rainwater (weighted 
mean = -4.4 0/oo) and atmospheric water vapor (mean = -13.6 0/oo) is 1.0093 = [{1+ 
(-4.4/1000)}/{1+(-13.6/1000)}]. This factor can further used to estimate equilibrated 
(surface) temperature of ~25°C (Majoube, 1971). We were fortunate enough to collect 
rainwater during a tornado event that had 6'8O close to atmospheric water vapor, and had 
the heaviest rainwater (114 mm per day) during 1991-1992 at our collection station. 
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Fic. 1. Temporal variations of 6/80 in rainwater during 1991- 1992. 
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Fic. 3. Temporal variations of §!80 in rainwater, Roy Haynes's surficial and Floridan 
ground waters for 1992. 
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Fic. 4. Seasonal variations (dry and wet seasons) of 6!80 for Floridan water along a 
transect from the Green Swamp to Southwest Hillsborough. 
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Fig. 5. Geographical variations in 5'°O of Floridan waters in west-central Florida. 


Rainwater has been shown to be a major source of ground water (Gat, 1974). Our 
data show that the Floridan ground water has 5!80 that is about 1.5 o/oo heavier, which 
may, at first, refute the evidence of rainwater recharge. However, some of ground water’s 
50 from recent Swancar and Hutchinson (1992) may have included effects of salt-water 
intrusion, particularly in the southwest regions - Pinellas, south Hillsborough counties 
(SWFWMD, 1991), and partly because of its older age (Back and Hanshaw, 1970), and 
possible reaction with the carbonate ee to an extent. The Floridan aquifer in 
Hernando, Citrus, Sumter, and Marion (6'°O ~-3.50 /00) has poorly defined confining beds, 
and structures oriented near land surface, therefore likely receive almost direct input of 
rainwater (weighted 6'8O ~-4.4 0/00; see Figure 5 and Ryder, 1985). For the Roy Haynes’s 
surficial water the average 5'°O is heavier than the rainwater’s value by 0.6 o/oo. The six- 
tenths per mille difference is similar to the difference between the river endmember’s 6!8O 
of the Tampa-Bay waters and that of the local Floridan water. Therefore the natural 
evaporation of open water body causes a positive shift of 5'O by 0.6 o/oo. The larger 
differences for the ground waters and the rainwater, north of Pasco County mentioned 
earlier, are attributed to the combined evaporation and water-rock reaction effects. 
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CONCLUSIONS 


For west-central Florida, we suggest the following conclusions: 


1. Rainwater has mean and weighted mean 6/80 of -3.2 and -4.4 0/oo, respectively, 

2. Present-day rainwater is the most likely source for surficial ground water, and 
Floridan ground water near recharge areas, 

a. Floridan water in a transect from the Green Swamp to coastal southwest 
Hillsborough does not show a major change in 6'8O during the one and one-half 
year study, 

4, Heavier 5/80 in typical Floridan waters suggests a possible difference in past 


climatic conditions or extent of ground water/carbonate aquifer interaction or 
saltwater/gypsum bed/ground water interactions, and deserves further study. 
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ABSTRACT: Chemical analyses of Tampa Bay sediments in previous surveys have indicated that some regions 
of the estuary were contaminated with mixtures of potentially toxic chemicals. Laboratory tests of 165 sediment 
samples were performed in 1991 and 1992 to determine the relative toxicity of Tampa Bay sediments. Sediments 
were collected throughout the estuary to provide a broad representation. Two tests were performed with all of the 
samples and a third was performed with approximately one-half of the samples. The incidence of toxicity differed 
widely among the three tests, indicating apparent differences in their sensitivity. The different tests indicated 
overlapping, but different, pattems in toxicity. Overall, the data indicated that samples from the northem portions 
of Hillsborough Bay were the most toxic, notably those from Ybor Channel and adjacent waterways. Other areas 
in which highly toxic samples were collected included Bayboro Harbor, the mouth of Allen Creek, and lower Boca 
Ciega Bay off Gulfport. The survey was intended to represent conditions throughout an estimated 550 km? area. 
Approximately, 80% of this area was estimated to be toxic in the most sensitive test, whereas approximately 0.08% 
was toxic in all of the tests performed. 


As a part of its National Status and Trends Program and Coastal Ocean Program, 
the National Oceanic and Atmospheric Administration (NOAA) conducts a nationwide 
program of regional assessments of the biological effects of toxic chemicals (Wolfe et al., 
1993). The assessments are conducted in selected bays and estuaries in which the potential 
for adverse biological effects of toxicants is relatively high (NOAA, 1988, 1989; Long and 
Morgan, 1990; O’Connor, 1991). These assessments include surveys of sediment toxicity that 
accompany surveys of biological effects in resident bivalve molluscs and demersal fish. 
Tampa Bay, Florida was chosen for study in 1990 based upon the relatively high 
concentrations of pesticides and trace metals observed in that estuary (NOAA, 1988, 1989). 

Relatively high concentrations of potentially toxic chemicals had been reported in 
multiple surveys conducted throughout the estuary (Long et al., 1991; Brooks and Doyle, 
1992). Many different petroleum constituents, pesticides, and trace metals had been 
detected and quantified in the sediments, oysters, and fish. The mixtures of chemicals 
differed from place to place in the estuary. In some areas the chemical concentrations 
equalled or exceeded toxicity thresholds, and, therefore, posed a potential threat. 

The objectives of the sediment toxicity survey were to: 

1 Determine the incidence and severity of toxicity, 

jm Determine the spatial distribution and extent of toxicity, and 

3 Determine the relationships among the measures of toxicity and the concentrations 
of potential toxicants. 

The sediment toxicity survey was conducted with a stratified-random sampling design 
to represent conditions throughout the entire Tampa Bay estuary. Accordingly, sampling 
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locations were selected within each major region of the estuary. However, those areas of 
the estuary that were suspected to be most toxic were sampled more intensively than other 
regions. The toxicity tests were used to provide information on biological effects under 
controlled laboratory conditions. Test results were compared with those from non-toxic 
controls to quantify the statistical significance of the data. Based upon these statistical tests, 
the incidence of toxic samples was used as an indicator of the severity of toxicity. The data 
were plotted on maps to identify spatial patterns in toxicity. Also, the toxicity data weighted 
to the spatial area of each sampling stratum were used to estimate the extent of toxicity in 
square kilometers (km/7). | 

The results of chemical analyses of the samples and the correlations between toxicity 
and chemical concentrations were reported by Long et al. (1994). Also, the details of all 
methods, all test results, and all data evaluations were reported by Long et al. (1994). This 
paper briefly summarizes the results of the toxicity tests. 


METHODS 


In 1991 (Phase 1) sediment samples were collected from 30 sites (3 stations per site, 
total of 90 samples) located throughout the estuary and tested for toxicity with a battery of 
three tests. Science Applications International Corporation (SAIC) in Narragansett, RI 
collected the samples and performed amphipod survival tests. The National Biological 
Survey (NBS) in Corpus Christi, TX conducted sea urchin fertilization tests with pore water. 
Parametrix, Inc. in Kirkland, WA performed Microtox™ bioluminescence tests. 

In 1992 (Phase 2) 75 additional samples were collected (3 stations each at 25 sites) 
in four regions of the estuary: Northern Hillsborough Bay, western Old Tampa Bay, St. 
Petersburg shoreline, and lower Boca Ciega Bay. The purpose of Phase 2 was to provide 
better resolution of the patterns in toxicity in the four areas identified in Phase 1. Florida 
Department of Environmental Protection (FDEP) and NOAA collected the samples and 
shipped them to Skidaway Institute of Oceanography (SIO) for chemical analyses and to 
NBS for toxicity testing. Two of the tests (amphipod survival and sea urchin fertilization) 
used in 1991 were performed by NBS with the 1992 samples. 

Sediment samples were collected in all of the major regions of the estuary (Figure 
1). Surficial sediments (upper 2 cm.) were collected with a Kynar-lined, 0.1 m? Young grab 
sampler. Sediments were removed from the sampler with plastic scoops and homogenized 
in a Kynar-lined, stainless steel bowl. Aliquots of each sample were placed in glass jars and 
frozen for chemical analyses. Other portions of the samples were placed in polyethylene 
jugs and stored on ice at about 4°C for toxicity testing. 

Three types of toxicity tests were performed following standardized protocols. 
Amphipod survival in 10-day solid-phase tests (5 replicates per sample) were performed with 
Ampelisca abdita, a resident of Tampa Bay, following the protocols of ASTM E 1367.90 
(ASTM, 1990). Sea urchin egg fertilization success in 1-hour pore water tests (5 replicates 
per sample) were performed with Arbacia punctulata, a resident of the Gulf of Mexico, 
following methods described previously by Carr and Chapman (1992) and Carr (1993). 
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FIG. 1. Locations of Phase 1 and Phase 2 sampling sites in Tampa Bay. 
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Bacterial bioluminescence activity in 5- and 15-minute tests of organic solvent extracts (2 
replicates per sample) were performed with Photobacterium phosphoreum, following standard 
Microtox’™ methods (Schiewe et al., 1985; Long and Markel, 1992). 

The three tests were intended to provide complementary toxicity data from different 
testing approaches. Each test measured different toxicological end-points in tests of 
different phases of the sediments. The amphipod test was performed with the adults of a 
species (A. abdita) known to reside in Tampa Bay (Lewis and Estevez, 1988) that were 
exposed to whole (bulk) sediments. The sea urchin test was performed with the gametes 
exposed to the pore water extracted from the sediments. This test was more sensitive than 
the whole-sediment amphipod test in field comparison studies (Carr and Chapman, 1992; 
Carr, 1993). The pore water is believed to be a major exposure route for contaminants in 
sediments (Di Toro, 1990). The Microtox™ test, a quick screening test known to be highly 
efficient (Schiewe et al., 1985), was performed with an extract of the sediment prepared with 
an organic solvent (dichloromethane), thereby reducing or eliminating the effects of natural 
confounding factors (such as grain size). 

In Phase 1, the non-toxic controls for the amphipod and Microtox'’” tests were 
collected in Long Island Sound, NY. In all sea urchin tests and in the Phase 2 amphipod 
tests, controls were collected in Redfish Bay, TX. Mean test results from the amphipod and 
sea urchin tests were compared with those from non-toxic controls, using ANOVA, followed 
by Dunnett’s, one-way t-test to determine statistical significance (alpha <0.05). The data 
from the Microtox tests were evaluated with analysis of co-variance to determine significant 
differences from controls. 

The spatial extent of toxicity in Tampa Bay was estimated by post-stratifying the study 
area into strata that conformed to major physiographic features and assigning the toxicity 
data from each station to the stratum within which it was located. Ideally, stratification of 
the study area should have been performed before the survey was conducted (but, it was 
not). Therefore, the results of this attempt to determine spatial extent of toxicity should be 
viewed as rough estimates, since bias in the sampling design may have affected the results. 
However, the locations for each sampling site were not selected to represent conditions at 
or near any particular point or non-point source. Rather, they were selected to represent 
conditions in the general region of the site in conformance with the boundaries of the 
stratum. Therefore, we believe that the data from each station provide good approximations 
of conditions within each stratum. 

The boundaries of each stratum were outlined on navigation charts and the 
dimensions of each stratum (as km?) were determined with a Uchida model KP-80N 
planimeter. In Long et al. (1994) the site means for each test were used to calculate the 
spatial extent of toxicity within each stratum. However, to provide more accurate estimates 
of the spatial scales of toxicity in this paper, the data for each station expressed as percent 
of the controls were weighted to the size of each stratum (i-e., divided by the number of 
samples, n=3). The cumulative distribution functions (cdf) of the station data were 
prepared, using <80% of control values as the critical values following the protocols of 
Schimmel et al. (1994). 
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RESULTS 


Incidence and Severity of Toxicity. All three tests indicated that some of the Tampa Bay 
sediments were significantly toxic (Table 1). The pore water test with the sea urchin 
gametes was the most sensitive. The 100% pore water was extremely toxic in many of the 
samples, resulting in zero fertilization success in 17 of 90 samples in Phase 1 and in 11 of 
75 samples in Phase 2. Of the 90 samples tested in Phase 1, 77 (85%) were significantly 
toxic in this test. Of the 75 samples tested in Phase 2, 53 (71%) were significantly toxic. 
Each of the samples was sequentially diluted twice to further identify the most toxic samples. 
In the tests performed with 25% pore water, 38% and 44% of the samples were toxic in 
phases 1 and 2, respectively. The Microtox test was intermediate in sensitivity, indicating 
that 27% of the Phase 1 samples were significantly toxic. In the amphipod tests performed, 
10 of the 90 samples (11%) were significantly toxic in Phase 1, whereas in Phase 2 none of 
the 75 samples was toxic. The incidence of toxicity in phases 1 and 2 cannot be used to 
determine temporal trends, since different areas were sampled and different sampling 
designs were used in each year. 

In Phase 1 sea urchin fertilization success in undiluted pore water ranged from 0.0 
to 89.0%, compared to 87.0 and 87.8% in the two tests of the undiluted controls (Table 1). 
In Phase 2, sea urchin fertilization success in undiluted pore water ranged from 0.0 to 
91.6%, compared to 77.2 and 92.0% in the controls. In the Phase 1 amphipod tests, survival 
ranged from 39.0 to 99.0%, compared to a range of 86.4 to 95.6% in the nine tests of the 
controls (Table 1). In the Phase 2 amphipod tests, survival ranged from 78 to 98% in the 
test samples and 89 to 90% in the controls. The ECSO values, expressed as mg dry wt. of 
sediment/mL of diluent that caused a 50% light attenuation, ranged from 0.005 to 0.575 
mg/mL. 

Based upon power analyses of the data from numerous previous amphipod tests, 
differences in survival between test samples and controls of 20% or greater are significantly 
different in 90% of the cases. This 20% difference corresponds with the critical value used 
by Schimmel et al. (1994) and was used as a critical value in this study for all three toxicity 
tests. Using this critical value, the toxicity tests with the amphipods were "numerically' 
significant in only four samples, whereas the majority of the samples tested that were 
statistically significantly different from controls also were numerically significant in the other 
tests (Table 1). 


Spatial Distribution of Toxicity. The Spearman-rank correlations (rho) among the results 
of the three tests performed in Phase 1 were highly significant: +0.505 (p=0.0001) for 
amphipod survival and urchin fertilization; +0.564 (p=0.0001) for Microtox ECS0s and 
urchin fertilization; and +0.311 (p=0.0035) for Microtox ECS0s and amphipod survival. 
Therefore, the three tests performed in Phase 1 indicated slightly different, but overlapping, 
patterns in toxicity. However, in Phase 2 the correlation between amphipod survival and 
urchin fertilization was not significant (rho = -0.209, p = 0.067), since amphipod survival 
was very similar in all tests. 


TABLE 1. Incidence of toxic samples and range in results for three toxicity tests performed 
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| 
with sediment samples from Tampa Bay, Florida. 


Statistically* Numerically? Range in 


Significant Significant Results 
Amphipod survival test 
Phase 1 10/90(11%) 4(4%) 39.0-99.0% 
Phase 2 0/75(0%) 0(0%) _ 75.0-98.0% 
Controls - - 86.4-95.6%* 


Sea urchin fertilization test 
Phase 1: Pore water concentrations 


100% 77/90(85%) 74 /90(82%) 0.0-89.0%° 
50% 51/90(57%) 37/90(41%) 0.0-94.8% 
25% 34/90(38%) 22/90(24%) 2.4-97.4% 
Controls - - 87.0-87.8% 


Phase 2 Pore water concentrations 


100% 53/75(71%) 48 /75(64%) 0.0-91.6% 
50% 48 /75(53%) 34/75(45%) 0.0-96.2% 
25% 33 /75(44%) 24 /75(32%) 0.4-97.0% 
Controls - - 77.2-92.0% 


Microtox bioluminescence test 


Phase 1 24/90(27%) 20/90(22%)  0.005-0.575mg/mL° 


* Statistically significantly different from controls (alpha<0.05). 

> Mean result less than 80% of the results from the controls. 

© Average percent amphipod survival in controls was 91.5% (n=9) in Phase 1 and 89.5% 
(n=2) in Phase 2. 

¢ Average percent fertilization success in undiluted controls was 87.4% in Phase 1 (n=2) 
and 84.6% in Phase 2 (n=2). 

© Microtox bioluminescence ECS0 in controls was 0.044 mg/mL (n=1). 
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FIG. 2. Phase 1 sampling sites in Tampa Bay that were not toxic in any test, or significantly 
toxic in one, two or three tests (amphipod, Microtox, sea urchin @ 25% pore water). 
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Spatial patterns in toxicity, based upon sea urchin fertilization in 25% pore water, 
amphipod survival, and Microtox bioluminescence are illustrated for each site (n = 3) in 
Figure 2 (see Figure 1 for place names). It was assumed that samples that were the most 
toxic would trigger responses in all three tests. In Phase 1 the sediments from a site in Ybor 
Channel in northern Hillsborough Bay caused significant toxicity in all three tests (Figure 
2). This was the only site at which significant toxicity was observed with all three tests. 
Sediments collected in the mouth of the Hillsborough River and near Gulfport also were 
relatively highly toxic as indicated by two of the tests. Toxicity was indicated by one of the 
tests in sediments from McKay Bay, East Bay, elsewhere in northern Hillsborough Bay, 
western Old Tampa Bay, Bayboro Harbor, Cockroach Bay, and middle Tampa Bay. The 
sediments from most of Old Tampa Bay, Safety Harbor, Bayou Grande, and lower Tampa 
Bay were the least toxic. | 

Since none of the Phase 2 samples was statistically significantly toxic to the 
amphipods, those data were not plotted. However, most of the Phase 2 pore water samples 
were toxic in the sea urchin tests and a wide range in response was observed. Therefore, 
the results from phases 1 and 2 were merged to identify overall spatial patterns in toxicity 
(Figure 3). The heights of the bars indicate the relative fertilization success; i.e., the smaller 
the bars, the higher the toxicity as indicated with this test (see Figure 1 for place names). 

Toxicity of undiluted pore water to sea urchin fertilization was very high in upper 
Ybor Channel, near the mouth of the Hillsborough River, in McKay Bay, and in East Bay; 
and toxicity generally decreased southward down these channels and down Hillsborough Bay 
(Figure 3). In western Old Tampa Bay, this test indicated that toxicity was relatively high 
in the mouth of Allen Creek, in the mouth of the Cross Bayou Canal, and off the 
Clearwater Sewage Treatment Plant, and decreased rapidly into all other portions of Old 
Tampa Bay. Along the St. Petersburg shoreline, toxicity was relatively high in Bayboro 
Harbor and the central Yacht Basin and was relatively low in Bayou Grande, Smacks Bayou, 
Coffeepot Bayou, in the St. Petersburg Yacht Basin entrance channel, Big Bayou, and Little 
Bayou. In lower Boca Ciega Bay, toxicity was relatively high at one site off Gulfport, but 
low at another adjacent site off Gulfport, and was relatively high off the mouth of Bear 
Creek. Samples collected in Cockroach Bay and Anna Maria Sound were highly toxic in this 
test. 

In the tests of 25% pore water (Figure 4), sea urchin fertilization was very low in 
most of the samples from northern Hillsborough Bay, especially in those from Ybor 
Channel, East Bay, Garrison Channel (north of Harbour Island), and McKay Bay. 
Fertilization success increased in several of the samples collected south of the Davis Islands. 
Also, in the samples from the nine stations at the head of Ybor Channel, toxicity was 
noticeably higher in the samples collected from the west side of the channel than in the 
samples from the east side. 


Spatial Extent of Toxicity. Based upon the tests of 100% pore waters, about 464 km? of 
Tampa Bay (80.3%) was toxic to sea urchin fertilization relative to controls (Table 2). As 
expected, the size of the areas identified as toxic diminished as the concentrations of the 
pore waters were diluted. In the tests performed with 50% pore water, about 47.3 km/ of 
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FIG. 3. Combined results of Phase 1 and Phase 2 pore water toxicity tests; average percent 
fertilization success of sea urchin eggs in 100% pore water from 55 sites. 
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FIG. 4. Percent sea urchin fertilization in tests of Phase 1 and Phase 2 100% pore water 
samples from northern Hillsborough Bay (* significantly toxic). 
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TABLE 2. Estimates of the spatial extent of sediment toxicity in the Tampa Bay estuary, 
based upon the results of three toxicity tests. Areas were defined as "toxic" when results 
were less than 80% of the control values. 


Percent 
Toxicity Tests Area (km? of Area 
Sea urchin @100% pore water 441.6 80.3% 
Sea urchin @100% and 50% pore water 47.3 8.6% 
Sea urchin @100%, 50%, and 25% pore water 45.8 8.3% 
Microtox only 24.4 44% 
Sea urchin @100%, 50%, and 25% pore water 
and Microtox 8.8 1.6% 
Sea urchin @100%, 50%, and 25% pore water, 
Microtox, and amphipod 0.45 0.08% 


Tampa Bay (8.6%) was significantly toxic. Based upon the tests performed with 25% pore 
water, about 45.8 km? (8.3%) was significantly toxic. Results of the Microtox™ 
bioluminescence tests performed only in Phase 1 indicated that about 24.4 km? (4.4%) of 
the study area was significantly toxic. The strata that were toxic in the sea urchin tests of all 
three pore water concentrations and in the Microtox’” test encompassed approximately 8.8 
km? (1.6% of the area). Approximately 0.45 km? (0.08%) was toxic in all of the tests, 
including the amphipod test. We consider the latter area, the head of Ybor Channel, to be 
the most toxic region in the study area, since the samples caused toxicity in all tests 
performed. 


DISCUSSION 


Compared to samples from other regions of the Gulf of Mexico, the concentrations 
of potentially toxic substances have been relatively high in some oyster and sediment 
samples from Tampa Bay (NOAA, 1988, 1989). Information from several studies of 
sediment contamination indicated that northern Hillsborough Bay, Bayboro Harbor, and 
other peripheral regions of Tampa Bay were more contaminated than others (Long et al., 
1991; Brooks and Doyle, 1992; Doyle et al., 1985, 1989; Florida Dept. of Environmental 
Regulation, unpublished report). However, these surveys of contamination provided no 
estimates of the possible biological significance of the chemical levels found in the 
sediments. Very little historical information was available on sediment toxicity and other 
measures of the effects of toxicants on the biota of Tampa Bay with which to estimate the 
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possible significance of the chemical contamination (Long et al., 1991). 

In this survey three independent tests of toxicity were performed on sediment samples 
and the three tests suggested overlapping, but, different patterns in toxicity. Sediment 
samples from much (approximately 80%) of the Tampa Bay estuary were toxic in laboratory 
tests performed with the most sensitive organisms exposed to 100% pore water. However, 
based upon the results of all of the tests together, only a very small portion of the estuary 
(0.45 km?, 0.08% of the total) was highly toxic. 

Toxicity was most evident in regions previously shown to be the most contaminated, 
notably the northern Hillsborough Bay area that includes McKay Bay, East Bay, Ybor 
Channel and adjacent waterways of the maritime harbor. Samples collected at the head of 
Ybor Channel clearly were the most toxic. Ybor Channel receives discharges from storm 
drains and is surrounded by a highly industrialized area. Petroleum sheens were visible in 
some of the samples. Toxicity generally decreased southward toward the mouth of 
Hillsborough Bay. Furthermore, toxicity generally decreased into middle Tampa Bay, Old 
Tampa Bay, and toward the mouth of Tampa Bay. However, samples from other harbors 
(notably, Bayboro Harbor) and stream mouths around the perimeter of the estuary were 
toxic. Samples collected in yacht basins, near marinas, and in the mouths of streams with 
marinas and storm drains often were toxic. Samples taken from Safety Harbor and much 
of Old Tampa Bay were among the least toxic. 

The tests performed with whole sediments, organic solvent extracts and pore waters 
provided different estimates of the magnitude and spatial extent of toxicity. The tests of 
whole sediments were performed with macrobenthic adult animals in acute exposures and 
they identified only a small minority of the samples as toxic. In Puget Sound, southern 
California, and San Francisco Bay, amphipod assemblages were depressed and benthic 
communities altered in areas in which sediments were toxic to amphipods in acute 
laboratory tests (Swartz et al., 1982, 1986, 1994). The solvent extracts were tested with a 
bacterium and the results represent a toxicity response to the presence of potentially toxic 
chemicals in the samples (U. S. EPA, 1994). The pore water tests were performed with a 
highly sensitive life stage (the gametes) of a sensitive invertebrate species in which a chronic, 
sublethal end-point was measured. Highly toxic pore waters may inhibit larval recruitment 
of sediments by benthic invertebrates. Benthic communities in Galveston Bay often were 
altered in areas in which sediment pore waters were highly toxic in laboratory tests with sea 
urchins (Carr, 1993). 

The determination of the spatial extent of toxicity involved a number of assumptions 
and potential sources of uncertainty. Notably, we assumed that the sampling locations 
correctly represented conditions within each stratification block. Ideally, the sampling 
locations should have been selected randomly following the stratification of the study area 
into geographic strata. However, that kind of sampling design was not followed in this 
survey. The sampling design that was used may have resulted in some unknown bias that 
over- or under-estimated the extent of toxicity. The boundaries and dimensions of each 
block were determined arbitrarily based upon major physiographic features such as points 
of land, bridges, causeways, and the nomenclature scheme of Lewis and Whitman (1985). 
Some sites may have been included in adjoining blocks if other dimensions had been used. 
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Also, the data from Phases 1 and 2 were merged to increase the number of data 
points for the study area. Whereas the sea urchin tests were performed by the same 
laboratory in both phases, the amphipod tests were performed by two different laboratories. 
The first laboratory identified ten samples as significantly different from controls and the 
second laboratory identified none of the samples as toxic. Both laboratories followed the 
same protocols and both reported similar results in tests of reference toxicants and 
performance controls. Nevertheless, some variability in results may have occurred as a 
result of the methods used by the two laboratories. Phase 2 was performed one year after 
Phase 1. The samples tested in Phase 2 were considerably sandier than those tested in 
Phase 1 (Long et al., 1994), possibly contributing to inter-annual variability in the results. 

The sizes of the blocks differed considerably. Therefore, the statistical power and 
accuracy of the data may have differed considerably among strata. Finally, the spatial extent 
of toxicity differed greatly between the two tests; the amphipod test indicated very little of 
the area was toxic, while the sea urchin tests performed with 100% pore water indicated 
most of it was toxic. If other tests had been used with different sensitivities, the estimates 
of the spatial extent of toxicity may have differed accordingly. In view of these uncertainties 
and assumptions, the estimates of the spatial extent of toxicity must be interpreted as rough 
estimates, and not absolutes. 

The cause(s) of toxicity were not determined in this study. However, the relation- 
ships between toxicity and a number of potentially toxic chemicals in the sediments were 
described by Long et al. (1994) and will be the subject of a subsequent paper. 
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LONG-TERM TRENDS OF MACROALGAE IN HILLSBOROUGH BAY 
BRIDGET O. KELLY 


City of Tampa, Bay Study Group 
2700 Maritime Boulevard; Tampa, FL 33605 


ABSTRACT: There is evidence of a changing macroalgae population in Hillsborough Bay, the northeastern section 
of Tampa Bay. Since 1986 there has been a steady decline in the abundance of macroalgae, with biomass falling from 
a peak of 86.81 grams dry weight/square meter (gdw/m’*) in 1987, to 66.32 gdw/m* in 1992. In addition to biomass 
reductions, there also appears to be changes occurring in species composition. Gracilaria was the dominant alga 
throughout the 1980s, but this species has been declining in abundance and at present Spyridia and Agardhiella are found 
in similar quantities as Gracilaria. Ulva and Chaetomorpha occasionally occur in large quantities as well, but there is 
not a clear trend found with these species. 


Since January 1983, the City of Tampa’s Bay Study Group has been conducting a 
monthly macroalgae program in the Hillsborough Bay section of Tampa Bay. Data derived 
before 1986 are not comparable with recent information, however, and will not be presented 
here. The purpose of this study is to identify any changes in the macroalgae population of the 
bay, and if possible, to determine the causes and potential effects of such changes. 

Certain problems exist in trying to quantify the amount of macroalgae that exist in the 
bay at any given time. Trawling along a set transect represents only a small part of the whole, 
and conditions that determine the presence or absence of algae are many. Winds and tides can 
push algae away from or into the transect, for example. This may cause under- or over- 
estimation of actual coverage. Aerial photographs allow for a more complete picture of bay 
wide coverage, or at least of presence/absence, but they do not generally permit species 
composition or biomass estimation. Macroalgae is not homogeneously distributed and though 
a trawl sample is a good indication of what species are present and their percentage composition, 
it is not always a good estimate of biomass. Using all the quantitative data available, however, 
it is possible to identify the major trends in the Hillsborough Bay macroalgae population. 


MATERIALS AND METHODS 


A series of five transects are trawled monthly with a 4m-wide benthic otter trawl (Map 
A). The net is brought on board and wet weight of the algae is determined. Species are 
identified and an estimate of percent composition is recorded. A representative sub- sample is 
then taken and stored in plastic bags on ice and transported to the laboratory. In the lab, 
samples are stored frozen until analyzed. Dry weight of individual species is determined by 
drying the sample at 90°C and then weighing the sample on a triple beam balance. 
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A helicopter is used to take low level aerial photographs of the bay on a monthly 
basis. Though no quantitative work on aerial coverage has been done, observations from 
these flights provide a great deal of information regarding macroalgae coverage in the bay. 


RESULTS 


The Bay Study Group has identified 19 species of macroalgae in Hillsborough Bay. 
In addition we recognized two unidentified species. There are six species, however, that 
make-up the vast majority of all the algaee collected. Of these six, two are Gracilaria spp. 
Because there is considerable debate over the taxonomy of these algae, a protocol has been 
established to distinguish the two. For this paper, however, "Gracilaria" refers to both 
species. Ulva is another alga being examined more carefully by taxonomists. It was 
previously believed that all of the Ulva found was Ulva lactuca. There is now some debate 
over whether or not other species or subspecies exist. For the purpose of this paper only 
the genus Ulva will be used. The other three species are less abundant than either 
Gracilaria or Ulva, but are found regularly in higher concentrations than the remaining 
fifteen species. They are Spyridia filamentosa, Agardhiella tenera and Chaetomorpha spp. 
Chaetomorpha is actually three species: C. crassa, C. brachygona, and C. gracilis, but for the 
purpose of this study only the generic name is used. 

Transect E, located in northwestern Hillsborough Bay, ranks first as the transect with 
the greatest algal biomass. Algae from this station represents 51% of the total amount of 
macroalgae collected at our five stations. Algae is present year-round at E (Figure 1), with 
a peak concentration from April to August and a low from October to December. Winter 
values (from January to March) are also quite high. The total amount of algae from this 
site has been decreasing steadily since a peak in 1988 (Figure 2). 

There is also evidence of a changing species composition at Transect E (Figure 3) 
although no distinct patterns are evident. Gracilaria and Agardhiella have been declining 
since 1988/89, though recently Agardhiella has begun increasing slightly. Ulva and Spyndia 
occasionally show high biomass but no trends are evident. 

Transect B is the shortest transect located adjacent to Archie Creek and the Delaney 
Pop-off Canal. It ranks second in biomass abundance, with 34% of all algae collected from 
this location. This figure excludes data from the October 1987 sampling. In early 1987 
there was a large nutrient pulse recorded in Delaney Creek (Boler, 1988). This apparently 
spurred a tremendous growth of algae at Transect B as an enormous amount of algae was 
collected from this site in October 1987. The trawl could not be pulled all the way through 
the algae so the transect was walked and measured using meter square quadrats. Total 
coverage was estimated at 1,053 gdw/m?. This algae was up to 50 cm deep in some places 
and consisted mainly of Gracilaria and Ulva. 

Comparing Figures 4 and 5, it is evident that this single anomalous value throws off 
the scale of the graphs and makes interpretation and comparison of results for Transect B 
difficult. Figure 4 includes the Oct. 1987 data while Figure 5 does not. The monthly 
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distribution changes quite drastically from an abrupt late fall/early winter peak to a slight 
spring peak which is more typical of what is usually found at this site. Relatively little 
seasonality is found at this transect. 
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FIG. 1. Monthly distribution of macroalgae at Transect E. 
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FIG. 2. Annual distribution of macroalgae at Transect E. 
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FIG. 5. Monthly distribution of macroalgae at Transect B--excluding October 1987 data. 


Figures 6 and 7 show the long-term trends in algal biomass at Transect B. Figure 
6 indicates a peak was reached in 1987 and biomass has been decreasing steadily ever since. 
Excluding the October 1987 data point (Figure 7), a maximum was reached in 1988 and 
there has been a slight downward trend since that time. 


FIG. 6. Annual distribution of macroalgae at Transect B--including October 1987 data. 
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FIG. 7. Annual distribution of macroalgae at Transect B--excluding October 1987 data. 


Figure 8 includes data from October 1987, but still illustrates the change in species 
composition. The transect has changed from a Gracilaria and Ulva dominated transect to 
a Spyridia dominated one. The Bay Study Group has not examined the biology of individual 
species, so no conclusions can be made as to why this is occurring or what the effects of 
these changes may be. 
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FIG. 8. Species distribution at Transect B--including October 1987 data. 
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The remaining three stations are comparatively low in biomass. Transect A, in 
northeast Hillsborough Bay, ranks third with eight percent of the total. This station shows 
a very distinct peak in the summer months (Figure 9). Highest amounts of algae are found 
from May to August. There is a sharp decline in the algal biomass in September, which 
lasts until late spring. 
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FIG. 9. Monthly distribution of macroalgae at Transect A. 


Biomass at Transect A, has decreased from a peak in 1988 to nearly zero in 1991 
(Figure 10). This downward trend in total biomass is consistent with the previous two 
stations. 
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FIG. 10. Annual distribution of macroalgae at Transect A. 
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Species composition at Transect A, however, is not very similar to Transects E or B 
(Figure 11). Gracilaria is generally seen to be the dominant species; but there have been 
years when Spyridia dominated the population at this station. There also appears to have 
been an increase in the growth of the alga Agardhiella. In 1991 both Spyridia and 
Agardhiella declined considerably and Gracilaria again became the dominant algae, however, 
no distinct patterns in algal composition can be seen. 
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FIG. 11. Species distribution at Transect A. 


Transect C, just north of the Alafia River, ranks fourth of our five transects, 
representing five percent of the total biomass. Although Transect C does not have a great 
deal of algal biomass, the area does show much stronger seasonality than the other transects 
(Figure 12). Biomass begins decreasing in April, to a minimum of zero in 
August/September. A gradual increase is seen through the autumn months until a peak is 
reached in January/February. This is the opposite of Transects E, B, and A which have 
their peak biomass in the summer when Transect C’s biomass is at its minimum. The long- 
term trends in biomass at Transect C are less well-defined than in the previous transects 
(Figure 13). Although biomass is apparently declining, there in not the steady downward 
trend we see at the other sites. Transect C showed high biomass from 1986 to 1991 and has 
only recently shown a significant decline. 

There has been a large change in species composition at Transect C, however (Figure 
14). In 1989/90 both Gracilaria and Ulva declined rapidly, while Spyridia biomass has been 
increasing since 1984. Large amounts of Agardhiella are occasionally found at Transect C; 
however, there is no evidence of any trend regarding this alga. 
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FIG. 12. Monthly distribution of macroalgae at Transect C. 
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FIG. 13. Annual distribution of macroalgae at Transect C. 
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FIG. 14. Species distribution at Transect C. 


Finally, Transect D, in southeastern Hillsborough Bay, has three percent of the total 
biomass and is the lowest ranking station in terms of biomass. This site has a similar 
seasonal pattern to Transect C. A biomass minimum is reached in the summer, from June 
to September, and a maximum in the winter, from December to February. This pattern is 
similar to Transect C. 
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FIG. 15. Monthly distribution of macroalgae at Transect D. 
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The biomass maximum at Transect D, however, was reached in 1987, while all of the 
other stations peaked in 1988 (Figure 16). A downward trend similar to Transects E, B, and 
A is evident at this station. Although Ulva and Gracilaria were the dominant species in 1987 
and 1988 (Figure 17), there was a sharp decline in these species in 1989. In the last couple 
of years however, Ulva again appears to be increasing. Gracilana has declined steadily since 
1987, and Spyridia dominated the alga biomass in 1990. This lack of any definite pattern 
in composition is similar to Transect A. 
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FIG. 17. Species distribution at Transect D. 
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CONCLUSIONS 


It is evident that changes are occurring in the macroalgae population of Hillsborough 
Bay. It appears that there is only a slight seasonality in the Hillsborough Bay macroalgae 
population. As some stations have a maximum in the summer months and others in the 
winter months, a general trend of seasonality is not readily apparent. There is evidence, 
however, that total biomass is decreasing bay wide probably due to a combination of many 
factors, including reduced nutrient loadings, improving water quality (Boler, 1988; Johansson 
and Lewis, 1992), and perhaps increased competition from other marine plants for existing 
nutrients (Johansson, 1991). 

A graph of species composition for all transects (Figure 18), illustrates the trends 
clearly. Gracilaria, Agardhiella and Ulva have all been declining since 1986 - 1987, while 
Spyridia, which reached a peak in 1987 and declined rapidly in 1988, has been slowly 
increasing since 1989. Chaetomorpha shows no consistent patterns or trends: some years 
have high biomass and some years do not. The significance of these changes is not clear. 
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FIG. 18. Species distribution for all transects. 
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With all of the improvements in water quality occurring in and around Hillsborough 
Bay, changes in the macroalgae population would be expected. Much more work needs to 
be done, however, to gain a more complete picture of the total amount of algae, its species 
composition and the interrelationship between the species and between other plant life in 
the bay. In order to accomplish this, the Bay Study Group has expanded its study to include 
physical parameters, such as dissolved oxygen, pH, temperature, salinity, and light 
attenuation. Some water samples are taken for chlorophyll a and nutrient analysis. These 
parameters will add much needed supporting information and provide a more complete 
picture of the Hillsborough Bay macroalgae population. 
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EVALUATION AND MANAGEMENT OF PROPELLER DAMAGE 
TO SEAGRASS BEDS IN TAMPA BAY, FLORIDA 


PETER A: CLARK* 


Tampa BAYWATCH,, Inc. 8401 Ninth Street North, Suite 230B 
St. Petersburg, Florida 33702 


ABSTRACT: | Seagrass communities provide critical habitat and water quality benefits to fish and wildlife 
resources. Recent improvements in water quality have resulted in natural recolonization of seagrass in selected 
locations within Tampa Bay. However, propeller damage from increased boating activity may negate gains in natural 
seagrass expansion. A survey of shallow, subtidal seagrass meadows has determined the baywide extent of propeller 
damage and ranked the degree of damage. Characterization of scars in seagrass communities have identified the 
type of activity which may have generated the scar feature. Management criteria was also developed based upon 
scar location, activity that generated the scar and degree of damage. 


There are over 100,000 registered boats in the three counties surrounding Tampa 
Bay. Informal observations in the late 1980s identified a growing concern for the extent and 
severity of seagrass damage being created by the high concentration of boating activities 
occurring on the bay. To help document bay conditions, several aerial surveys were 
~accomplished in November 1991 (Television Channels 8 and 10 helicopters) and January 
1992 (Hillsborough County Sheriffs Department). The surveys were necessitated by: 


e a lack of consistent knowledge around the bay as to the severity of impacts; 
° limited information on locations of damage to shallow flats; and 
° the need to document the source(s) of propeller damage among the different bay 
users. 


A complete survey of the bay to evaluate seagrass propeller damage had not been 
accomplished prior to the 1992/93 survey. The original intent was to provide an overview 
of conditions and document different scar types and location of "severely" damaged areas. 

Each survey consisted of hovering approximately 200 to 500 feet off the water surface 
and photographing propeller damage on 35mm film using a polarized filter. Areas of heavy 
impact were recorded on copies of NOAA navigational charts delineating bathymetric 
information and navigational channels. The majority of subtidal shoreline was examined 
during one of the three survey events. The slides have been used on many occasions to 
identify propeller damage locations to local citizen groups, fishing organizations and the 
bay’s scientific community. 


ag Mr. Clark was employed with the Tampa Bay Regional Planning Council - Agency on Bay 
Management, St. Petersburg, Florida 33702 during the time of the propeller damage survey and 
presentation to the Florida Academy of Sciences. 
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RESULTS 


Propeller scars come from a variety of bay users, including commercial and 
recreational fishermen, law enforcement agencies, recreational boaters, other propeller- 
driven vessels (jet wash) and jet skies. The survey of the bay documented. several 
characteristic scars that may be indicative of different vessel Operates practices. 
Characteristic scar features included: 


° Cockroach Bay, Weedon Island and Ft. DeSoto area contained many spiral propeller 
cuts which are indicative of commercial gill netting for mullet. Typically, mullet gill 
netters will encircle a school of mullet first then continue to lay net in concentric 
circles on the inside of the perimeter net. After making a strike, oftentimes the net 
boat will drive back out through the spiralling net, pounding on the side of the boat 
to drive mullet into the net. Communications with experienced commercial netters 
verified that setting the net in shallow water can lead to this type of scar. 

e Many, if not most channels around the bay in shallow waters have propeller scars 
created by inexperienced boaters travelling on the wrong side of navigational signs 
and running aground. Several areas contain scarring where boaters attempted to 
circumvent channels and ran aground, particularly along entrance channels to 
marinas. 

e Most shallow flats contain scars with a right angle bend - or a quarter circle scar. 
This scar feature is probably created by recreational boaters "jumping up" in shallow 
water to get on plane. 

° Several areas contained two scars separated by a medium to large size hole. This 
portrays a boater running aground, dredging a hole to free the engine(s) and prop 
dredging to exit the flat. These were created by inexperienced boaters with little 
regard for their equipment or the resource. 

° Many flats have two sets of propeller scars parallel to shore, like two travel lanes. 
It has been suggested that commercial mullet boats travel close to shore to look for 
mullet in one direction (offshore) while recreational vessel travel straight down the 
middle of the flat. This pattern could also be created by higher and lower tides 
concentrating boat traffic at several patterns along each flat. This "two sets of scar" 
trails were most pronounced along the Gateway Tract (Pinellas County), between 
Piney Point Creek and Port Manatee (Hillsborough County) and the Joes Island area 
(Manatee County). 

e Several areas around Ft. DeSoto contained wide (around four to six feet in width) 
semi-cleared patches or trails through seagrass beds. This trail is opined to be 
created by bait shrimp trawls with bottom rollers that have become stuck, thereby 
causing the trawls to drag through seagrass instead of rolling over them. 


A review of locational information yielded the highest concentration of scars in the 
following areas, in decreasing order of severity: 
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A. By far, Ft. DeSoto held the highest concentration of propeller damage to seagrass 

beds. This is due to many reasons, including: 

: the largest public boat ramp on Tampa Bay is at the County Park, 

- the area receives extensive commercial and recreational fishing pressure, and 

; the area contains some of the best seagrass beds in the bay, thereby focusing 
pressure by commercial and recreational users. 

B. Weedon Island receives extensive fishing pressure, predominately recreational, which 
has continued to cause severe propeller damage to the offshore seagrass beds. The 
closed area on the inside appeared to be spared continued impacts as few scars were 
visible. With the inside closed, however, the offshore flats have concentrated boaters, 
leading to severe scarring. 

Cockroach Bay and Little Cockroach Bay have several areas that have received 
extensive scarring, i.e.: Hole-in-the-wall Pass, Big Pass, Entrance Channel, Rock Pass 
and others. The backwater and offshore areas also contain many scattered scars that 
continue to affect the health and productivity of the area. 

D. Joe’s Island and Terra Ceia Bay in Manatee County have extensive cuts primarily 
around the corners of islands, parallel to shore, through Flounder Pass, and adjacent 
to the marked channel in shallow water. 

e. Upper Tampa Bay north of the Courtney Campbell Causeway receives significant 
amounts of recreational pressure and blue crab fishery. The area is characteristically 
shallow, leading to groundings when inexperienced boaters wander out of the marked 
channels. New seagrass has recolonized the area since the mid 1980s. These gains 
in habitat are being reduced by the continued onslaught of propeller damage. 

FP. To a lesser extent the following areas are also affected by propeller damage: 
= Pinellas Point, 

- southern MacDill Peninsula, 
; Gateway Tract, and 
= Wolf Branch. 


In reality, all seagrass beds have been affected to some degree. The Florida 
Department of Environmental Protection is currently developing a statewide assessment of 
severity of impacts which should provide additional new information and guidance for the 
Tampa Bay community. 


MANAGEMENT RECOMMENDATIONS 


Protection of seagrass beds from propeller damage has been suggested by the 
Wilderness Society (1990) in the Florida Keys through a four-tiered management scheme. 
The management recommendations include the following, with additional site specific 
recommendations added: 


i. Education - In the long-run education of individuals who travel our waterways will 
be our best avenue to resolve continued impacts to seagrass communities. An 
educational program will need to include brochures, boat ramp signs, word of mouth, 
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and possibly a boat-driver’s license. The Tampa Bay National Estuary Program has 
initiated several educational publications that will help instruct users of the bay, 
including the "Boaters Guide for Tampa Bay," "Status and Trends for Tampa Bay," 
and the "Tampa Bay Repair Kit." 

2. Channel Marking Program - Tampa Bay exhibits numerous examples where boaters, 
whether unintentionally or on purpose, traveled out of the channel and into shallow 
flats. Marking the channels with additional, colored channel markers will help in 
many areas. Placing arrow day markers will also help individuals who are not 
familiar with standard green and red channel markers. 

3. Increased Enforcement - State and federal agencies have the ability to enforce 
environmental rules concerning impacts to wetlands, propeller dredging, water quality 
impacts and others. Establishing a clear trend for enforcing illegal propeller 
dredging activities could help to reduce those clearly intentional impacts that occur 
from commercial and recreational boating sources. 

4. Boater Restriction Areas - Tampa Bay leads the state, if not the nation, in areas that 
exclude boaters to protect seagrass communities. At the time of the original survey 
only Weedon Island had an established "no combustion engine" zone to protect 
backwater areas. Now, restricted areas also include Ft. DeSoto, Cockroach Bay, 
Caladesi and Honeymoon Island State Park. All of these protection areas contain 
different standards for entry, different signage and assorted monitoring schemes to 
evaluate results. Since the bay area has many diverse restriction zones currently 
under evaluation, no additional restriction zones are recommended at this time prior 
to evaluating the implications and results of ongoing closure areas in Tampa Bay. 


This four-tiered plan provides guidance for additional protection in seagrass 
communities around Tampa Bay and should be pursued by local and state government as 
needed. The efforts of bay managers has led to enhanced resource protection through 
closure zones in many severely-damaged areas around the bay. Additional channel marking, 
education and enforcement will complement closure zones to more comprehensively protect 
our natural resources. 
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RECOVERY OF WATER QUALITY AND SUBMERGED SEAGRASS 
IN TAMPA BAY, FLORIDA: CARBON PRODUCTION CONSIDERATIONS 


J.O.R. JOHANSSON 


City of Tampa Bay Study Group, 2700 Maritime Blvd. 
Tampa, FL 33605 


ABSTRACT: Tampa Bay has been impacted extensively by human activities. Shoreline modifications, ship 
channel dredging and high nutrient discharges contributed to a period of particularly degraded bay conditions which 
lasted from the late 1960s to the early 1980s. This period was characterized by poor water quality (e.g., degraded 
dissolved oxygen conditions, high fecal bacteria counts and high phytoplankton biomass, with seasonal dense blooms 
of planktonic cyanobacteria), high drift macroalgae biomass and a large loss of submerged seagrass. 

However, signs of bay recovery appeared in the mid 1980s following successful management actions aimed 
at reducing eutrophication through the control of point-source discharges from a large domestic wastewater treatment 
plant and several fertilizer producing plants. The recovery of Tampa Bay is indicated by a large reduction in 
phytoplankton biomass, including a substantial decrease in planktonic cyanobacteria, an apparent reduction in drift 
macroalgae biomass and an increase in seagrass biomass. 

Specifically as a result of the changes in phytoplankton and seagrass, which are dominant primary producers 
in the bay, major primary production changes are now occurring. Measured phytoplankton production rates are now 
near half the rates from the early 1980s. In contrast, estimated seagrass primary production rates have increased 
by approximately 10 percent since that period. Although the estimated gain in production from the recolonizing 
seagrass is small relative the loss of phytoplankton production, seagrass biomass 1s increasing steadily. 

The current trends of phytoplankton and seagrass production suggest that the trophic structure of the bay 
is now shifting from a relatively inefficient system with high primary production dominated by phytoplankton 
production, to a more diverse and efficient system with lower total primary production. Further, the changes now 
underway will almost certainly affect the energy transfer to higher trophic levels, leading to a restructuring of Tampa 
Bay trophic dynamics. For example, the shift in primary producers may have adverse effects on communities which 
have adapted to relatively high phytoplankton biomass and production. On the other hand, the shift should favor 
higher trophic levels dependent on an abundant seagrass community. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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THE EFFECTS OF DOCKS ON SEAGRASS BEDS 
IN THE CHARLOTTE HARBOR ESTUARY 


ROBERT K. LOFLIN 


City of Sanibel, 800 Dunlop Road, 
Sanibel, Florida 33957 


ABSTRACT: Conditions related to existing boat docks in submerged seagrass beds are analyzed for Pine Island 
Sound and San Carlos Bay in southwest Florida. Docks located over shallow grass flats were found to be associated 
with a distinct seagrass "shadow" undemeath and adjacent to the docks which is nearly devoid of vegetation. 
Shadow area is significantly correlated with total dock area but not to dock width, height above mean high water 
or orientation. Additional dock effects observed include boat motor prop generated scarring of grass flats, changes 
in seagrass species composition and differences in epiphytic loading on blades. Ramifications of results for 
government permitting programs are discussed in regard to marina citing, dock specifications and densities. 


The ecological importance of benthic seagrass communities in terms of primary 
productivity (Odum, 1957; Pomeroy, 1960; Jones, 1968; Gilbert and Clark, 1981), 
contribution to the marine detrital food web (Humm, 1973; Morgan and Kitting, 1984), and 
as habitat and direct food source for numerous marine organisms (Phillips, 1960; McRoy 
and Helfferich, 1977; Phillips and McRoy, 1980; Stoner, 1983), has been extensively 
researched and reviewed. Very little has been documented however, concerning the effects 
of man-made structures such as docks and piers constructed over seagrass. Rudolf (1985) 
reported significantly reduced biomass of Syringodium filiforme adjacent to docks in Jupiter 
Sound, Florida compared to adjacent non-shaded grassbeds. Beever (1990 unpubl.) found 
considerable seagrass loss under docks in Pine Island Sound, Florida. 

Turbidity of the waterbody and the rate at which sunlight becomes attenuated with 
depth has been demonstrated to control the vertical distribution of marine grasses (Belthuis, 
1983; Dennison and Alberte, 1985). Short term artificial shading of Thalassia testudinum 
in situ by Hall et al., (1990) and Carlson and Acker (1985) in Tampa Bay resulted in 
declines in shoot density, leaf biomass, leaf production and leaf area with increased shading. 

The Charlotte Harbor estuary is a relatively turbid waterbody primarily due to 
nutrient and sediment loading from the Myakka, Peace and Caloosahatchee Rivers which 
provide the major freshwater inputs. Under these conditions, many of the deeper grassbeds, 
which are comprised primarily of T. testudinum and S. filiforme, are presumably at or near 
their light attenuation tolerance limits. Haddad and Hoffman (1986) report the total loss 
of seagrass for Charlotte Harbor between 1945 and 1982 at 29% or 9,901 ha. (24,464 acres). 
They attribute much of the seagrass losses in deeper waters to a decline in water clarity. 
This part of Florida is undergoing rapid development and many residential homeowners are 
constructing boat docks extending out over shallow grass flats to reach navigable waters. 
This study was undertaken to compare the condition of seagrasses in the vicinity of existing 
docks with that of adjacent natural grassbeds. 
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METHODS AND MATERIALS 


Study Site. Twenty-seven docks over grassbeds were studied at Sanibel Island (26° 88’N, 82° 
03’W) in San Carlos Bay and Captiva (26° 32’N, 82° 12’W), North Captiva (26° 36°N, 82° 
13’W) and Useppa Islands (82° 12’N, 26° 40’W) in Pine Island Sound. Southwest Florida 
sites were selected based on the presence of extensive shallow grass flats which were 
dominated by Halodule wrightii, S. filiforme and T. testudinum. 


Sample Techniques. A one-square decimeter sampling device was constructed using 12.7 
mm diameter PVC pipe filled with sand and attached with right angle connectors. Seagrass 
shoot density and estimated percent cover were measured visually by placing the sampler 
at three locations on the bay bottom underneath each dock and three sites on the non- 
shaded bay bottom adjacent to each dock. Sample locations were selected using a computer 
generated random number table. 

Dock length, width, terminal platform, associated structures, prop dredge area, 
seagrass shadow and water depths were measured using a 61 m reel mounted tape. Total 
lengths were recorded measuring from the apparent shoreline mean high water line and 
excluding terminal platform widths. Seagrass shadow was measured along the edge of the 
seagrass loss area adjacent to the dock which was generally in the form of a distinct and 
regular line. Where the seagrass edge was irregular, shadow width measurements were 
taken at the portion of the adjacent grassbed closest to the dock, so as to conservatively 
record seagrass loss. 

Height above mean high water was measured from the bottom surface of the top 
decking to 7.6 cm below the top of the barnacle line on the dock pilings, which was 
_ determined to be the best estimator for these waters. Where dock height varied along its 
length, three representative measurements were taken and averaged. Only fresh (non- 
recovering) propeller scars located within 15 feet of the dock were recorded. Dock 
orientation was determined using a magnetic compass. 

Seagrass species present were noted, as was any visually apparent difference in 
species composition or epiphytic algae loading from one side of the dock to the other 
(parallel to shore). The presence or absence of boats and boat lifts was recorded for each 
dock. 

Data analysis was performed using ANOVA techniques for seagrass shoot density 
comparisons and multiple regression analysis for assessing correlations of seagrass shadow 
area with total dock area, dock length, width and height above MHW. 


RESULTS 


The 27 docks studied average 113.94 m? (1,226.5 ft.) total area (Table 1). Extending 
out over wide shallow grassflats, the docks had a mean length of 45.67 m with most 
including large terminal platforms (averaging 43.41 m7). A clearly visible area of seagrass 
loss or "shadow" was present under all docks averaging 128.84 m? per dock (Table 2). Docks 
averaged 1.04 boats/dock (this may vary seasonally) and 59% had at least one set of boat 


lifts. 
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TABLE 1. Mean values for study dock dimensions. 


Dock Dock Terminal Total Dock Dock Height 


Length Width Platform Area Area Above MHW 
45.67 m 1.61 m 43.41 m? 113.94 m? 0.89 m © 


Prop dredging of Seagrasses was found at exactly one third of the docks with the area 
of seagrass shoot loss averaging 20.62 m?/dock having prop scars and 6.87 m?/dock overall. 
All but one dock which had prop dredging associated with it also had boat lifts. 


TABLE 2. Mean values for dock effects on seagrass beds. 


Total Seagrass Under Dock Adjacent Prop-dredged 


Shadow Area Shoot Density Shoot Density Area/Dock 
128.84 m? 0.36/dm? 18.91 /dm? 6.89m? 


Shallow patches of Halodule and Syringodium were found under six docks at depths 
less than 2.4 ft. MHW. These patches econ ae account for the 0.36 shoots/dm? 
sampled under the docks compared with 18.91 shoots/dm? for adjacent grassbeds with 91.4% 
of 81 under-dock samples supporting zero shoots. ANOVA comparison of shoot density 
under docks with adjacent areas was significant (p<.01). 


Multiple regression analysis was completed using the total area of seagrass shadow 
for each dock as the dependent variable and total length, width, total area and dock height 
above MHW as the independent variables. Only total dock area was significantly correlated 
(p<.01) with shadow area (Figure 1). The range of values for dock width and dock height 
above MHW are shown in Figures 2 and 3. 


Dock orientation did not significantly affect the total area of seagrass shadow 
although a visually observable minor skew in the location of the shadow away from the 
southeast was noted for 14 docks. No docks aligned in a southeast-northwest direction were 
associated with such a skew. 
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FIG. 1. Dock by dock correlations between total area of seagrass shadow and total dock 
area. 
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FIG. 2. Scattergram of dock widths showing relatively narrow range of values. 
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FIG. 3. Height above mean high water for all docks studied, demonstrating low variability. 


DISCUSSION 


The ecological and economic values of seagrass meadows mandates careful 
consideration of both the individual and cumulative effects of associated man-made 
structures. For Sanibel Island, where 10 docks along San Carlos Bay were studied, 87 
platted single family lots and 24 multi-family buildings exist along this same stretch of 
shoreline. If these lots/buildings each had one associated dock, an estimated: 


111 x 128.84 m? (average seagrass shadow area/dock) = 1.43 ha (3.53 acres) 


of seagrass would be impacted (not including prop-dredging effects). 

The size of any observed seagrass shadow may vary with ambient water 
transparency. Vertical attenuation of photosynthetically-active radiation was found to be 
negatively correlated with salinity for Charlotte Harbor (McPherson and Miller, 1987). 
While all docks in this study were within 3 km of tidal passes and had similar salinity 
regimes, the shading effects of docks closer to freshwater inputs within the same estuary 
or in other waterbodies having greater or lesser average water clarity could differ. 

The lack of any significant correlation of seagrass loss with dock width or height 
above MHW suggests that for the study area, government permitting requirements 
limiting widths or elevating docks to protect seagrass may not be sufficient to protect 
submerged grassbeds. However, Figures 2 and 3 show the relatively narrow ranges for 
these parameters found in this study. Clearly, additional research focussing on the effects 
of modifying dock dimensions is necessary. 
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Areas where seagrass had been removed by prop scarring were frequently 
associated with boat lifts. Such lifts generally have some environmental benefits by 
eliminating the need for toxic bottom paints and reducing the chances of petroleum 
product spills from rainfall or storm-induced swamping of boats. The prop dredging 
adjacent to davits is most likely caused by boat operators attempting to adjust the angle 
of the vessel to align with davit cables or boat lift supports. 

Variation in epiphytic algal loading on grass blades appeared to be related to the 
orientation of the dock, with less algae growth on the more shaded side of the dock 
(away from the sun’s arc). The ecological significance of this occurrence is not known, 
although epiphyte productivity (Heffernon and Gibson, 1983), and trophic importance 
(Fry, 1984; Morgan and Fitting, 1984) may in some cases exceed that of the seagrass 
itself. 

Changes in species composition from one side of the dock to the other may be 
caused over time by the independent development of grass beds which have been 
artificially divided by the dock’s shade. Stoner (1983 a and b) found significant 
differences in epifaunal densities and usage by mobile foraging species between Thalassia, 
Halodule and Syringodium meadows. 


CONCLUSION 


The proliferation of docks in southwest Florida sited over shallow grass flats 
appears to have important adverse effects on marine seagrasses and contributes 
substantially to seagrass losses adjacent to residential areas and marinas. Government 
permitting agencies should examine dock permitting statutes and carefully weigh the 
benefits of boat access for the individual applicant against the consequences for this 
valuable public resource. 
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ATTACHED BLADES OF TURTLE GRASS (THALASSIA TESTUDINUM) 
FROM TWO SITES IN BISCAYNE BAY 
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LEXIA M. VALDES, AND MARCIA CHACKEN 


School of Natural and Health Sciences, Barry University, 
11300 N.E. Second Avenue, Miami Shores, Florida 33161 


ABSTRACT: Over 1,400 attached blades (above-sediment tissues only) of Thalassia testudinum (turtle grass) were 
collected from Biscayne Bay over five years (1988-1993). Of these, 1,152 blades came from the Bear Cut Channel 
near Key Biscayne. The 1992-1993 samples were collected after Hurricane Andrew. These were compared with a 
smaller sample of 262 blades collected from the Crandon Marina (Key Biscayne) in 1990-1991. Blades from both 
sites showed the same pattems and proportions of fresh and decayed tissues: decay and epiphytic/epizootic 
organisms tended to increase along the distal portions of blades. Parrot fish tended to graze selectively on completely 
decayed portions near the tips of the blades. The data suggest parrot fish grazing in the Bear Cut site decreased over 
the last five years (over 95% of the sampled blades from Bear Cut had bites in 1988, while only 30-35% of the 1990- 
1993 Bear Cut blades had bites). The establishment of an artificial reef near Bear Cut in 1988-1989 may have had 
an influence on abundance of parrot fish, though this seems unlikely. (Funded partially by NIGMS-MARC Grant, 


Barry University). 


Tropical turtle grass (Thalassia testudinum Banks ex Konig; Hydrocharitaceae) is the 
dominant marine angiosperm found in the shallow seagrass meadows of Florida and the 
Caribbean (Hanlon and Voss, 1975; Thayer et al., 1975; Tomasko and Dawes, 1990; Zieman 
et al., 1989). Previous studies of turtle grass focussed on chemical composition and caloric 
content (Dawes, 1986; Dawes and Lawrence, 1983; Fourqurean et al., 1992), nutrient 
requirements (Patriquin, 1972; Powell et al., 1991; Powell et al., 1989; Short, 1987), and 
reproductive ecology (Cox and Tomlinson, 1988). Ecosystem studies of turtle grass 
communities examined primary productivities (Daehnick et al., 1992; Jensen and Gibson, 
1986) and herbivore-plant interactions (Greenway, 1976; Hay, 1984; Keller, 1983; Keough, 
1986; Montague et al., 1991; Valentine and Heck, 1991; Williams, 1988). The herbivore- 
plant studies indicate relatively few species graze directly on T. testudinum. 

The ecological importance of turtle grass meadows seems three-fold. First, the 
vegetation provides physical habitat for attached, epiphytic /epizootic communities (Howard, 
1987; Keough, 1986; Lewis, 1987). Second, the meadows provide habitat for a variety of 
juvenile and adult fish (Hay, 1984; Thayer et al., 1975; Williams, 1990). Third, and perhaps 
most important, the decay and decomposition of seagrasses provide a bountiful detritus for 
planktonic and benthic communities (Newell et al., 1986; Thresher et al., 1992). 

The attached blades of T. testudinum from Biscayne Bay have been examined since 
1988. Measurements on blade length, stages of decay, epiphytic/epizootic organisms, and 
parrot fish bites are available for two sites along the northern coast of Key Biscayne. The 
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most recent measurements were taken after Hurricane Andrew. These data reveal 
interesting patterns of seagrass decomposition, and variability in grazing intensity by parrot 
fish. 


MATERIALS AND METHODS 


Both field sites lie along the northern coast of Key Biscayne (25°46’N: 80°10’W). The 
first is a shallow seagrass meadow just outside the entrance to the Crandon Marina. The 
second is a shallow seagrass meadow in the Bear Cut Channel between Key Biscayne and 
Virginia Key. Both sites average roughly 1 m in depth at mean low tide. The northern 
shores of Key Biscayne were roughly six miles north of Hurricane Andrew’s northeast eye- 
wall. The two sites probably received sustained wind-velocities of roughly 120-140 miles-per- 
hour (Lyskowski and Rice 1992, p. 158; Torrence 1992). 

The Bear Cut turtle grass was sampled during eight collection periods (October 1988- 
February 1993; see Table 1). The Crandon turtle grass was sampled only twice (July 1990 
and July 1991). For each day of a collection period, a single, 20m linear transect was placed 
across the turtle grass meadow. Within a 3cm radius of each 1m intercept two to three 
blades of T. testudinum were collected. Only above-sediment tissue was collected. 

The numbers of blades examined are shown in Table 1. Each blade was examined 
from the distal to proximal end, at one cm intervals. At each one cm interval an imaginary 
line was drawn across the width of the blade, and a qualitative estimate of decay at that 
intercept was recorded: 


0 = no decay detected across the line. 

1 = some decay detected; less than 50% of the line contained decayed 
tissue. 

2 = much decay; more than 50% of the line contained decay, some green 


tissue found. 


3 = >95% of the line decayed (no green tissue detected). 


Crescent-shaped bites (by parrot fish: after Hay 1984) were sought; and the position 
of the nearest one cm intercept proximal to the bite was recorded. The position of any 
epizootic/epiphytic attachments was also noted. 
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Table 1. Numbers of T. testudinum blades sampled per site per collection period. 


COLLECTION CODE DATE NUMBER OF BLADES SAMPLED 
BEAR CUT CRANDON 
I F-88 Oct. 1988 42 0 
II Sp-89 May 1989 104 0 
II Sp-90 = Apr.-May 1990 65 0 
IV Sum-90 July 1990 133 135 
V Sp-91  Jan.-Apr. 1991 255 0 
VI Sum-91 July 1991 122 127 
VII F-92 Oct.-Nov. 1992 181 0 
VIII Sp-93 Jan-Feb. 1992 250 0 
TOTAL IS2 262 
RESULTS 


The collected blades were quite variable. Some contained fresh, undecayed tissues 
along the entire length, and some were completely decayed from proximal to distal end. 
Most, however, contained green, undecayed portions at the proximal end, and increasing 
stages of decay toward the distal end. Figure 1 shows the mean blade length (cm) per site 
per collection period. Note also in Figure 1 the mean proportions of stages of decay. The 
typical blade contained green, undecayed tissue over roughly 25% of its length; at least half 
the typical blade length was mostly or completely decayed. Epiphytic/epizootic attachments 
also increased toward the distal tip. Identification of all the attached organisms was not 
attempted, though a variety of macroalgae and bryozoans were common. 

Figure 1 also shows the mean distance from the proximal end of the first (or only) 
parrot fish bite. Note that the typical Bear Cut blade had a bite taken from the completely 
decayed portions at the distal end. The typical Crandon blade had a bite taken a little 
further down toward the proximal end. 
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FIG. 1. Mean blade length for attached T. testudinum per site per collection period. The 
vertical line above each bar is one standard deviation. The circular cut-out represents the 
mean distance of the first parrot fish bite on the blade; almost all the bites were found near 
the distal tips of the blades. 
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Figure 2 shows the proportion of total blades per site per collection period that had | 
parrot fish bites. Over 95% of the Bear Cut blades from Fall 1988 and Spring 1989 had at fF 
least one parrot fish bite. But this proportion then dropped to roughly 35-50% over a three- 
year period (Spring 1990 to Spring 1993). At the same time, the Crandon blades showed § 
similar proportions. : 
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FIG. 2. Proportion of total T. testudinum blades found with parrot fish bites, per site per 
collection period. 
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Figure 3 shows the mean number of parrot fish bites per bitten blade. The typical 
Bear Cut blade with bites had two-three bites; the typical Crandon blade with bites had 
roughly the same average. 
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FIG. 3. Mean number of parrot fish bites per bitten blade of T. testudinum; the vertical line 
above each bar is one standard deviation. 
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DISCUSSION 


Turtle grass meadows play a major role in coastal ecologies of Florida. The data # 
suggest a considerable standing crop of decaying, decomposing turtle grass remains attached 
to the living vegetation at any particular time during the year. This attached material 
provides substrate and nutrition for a variety of algal and animal species. Moore et al. 
(1963) estimated that attached blades of T. testudinum make up roughly 35% of the total 
standing crop of turtle grass; that is, 65% of the turtle grass biomass in the meadow is § 
contained in detached, decomposing blades. ! 

The patterns of decay appeared consistently over a five-year period, in different 
months of the year. But the intensity of parrot fish grazing seemed less consistent at the 
Bear Cut site. It is suggested that the decrease in proportions of blades with bites resulted 
from a decrease in the parrot fish population, but no evidence was gathered to support this. 
It is difficult to imagine conditions which would affect the parrot fish populations, but not 
the seagrass or urchin populations. 

One possibility is that the Bear Cut parrot fish have been attracted to more 
productive habitat. The Dade County Department of Environmental Resources 
Management (DERM) has supported an artificial reef program since the early 1980s. 
Several freighters were sunk in waters five-six kilometers to the east of Bear Cut in 1988- 
1989 (Ben Moskoff, DERM, personal communication in July 1993). It seems unlikely, 
however, that these could have influenced the Bear Cut parrot fish populations. Perhaps 
the intense grazing levels observed in 1988-1989 were unusually high (no earlier records are 
available), and the 1990-1993 observations are more in line with long-term averages. More 
observations from both sites are necessary to test this possibility. 

It is interesting that although the proportions of bitten blades decreased substantially 
since 1989, the mean number of bites per bitten blade remained roughly the same. This 
suggests that the grazing behavior of the fish had not changed, even if the fish density had 
changed. Little is known about the feeding habits of these fish. Hay (1984) showed that 
over-fishing of parrot fish from Caribbean reefs had the effect of increasing the density of 
grazing urchins, perhaps by competitive release. However, no increase in densities of Bear 
Cut urchins were detected during 1990-1993. More research on the turtle grass meadows 
is needed to address these questions. 


CONCLUSIONS 


Analyses of attached blades of turtle grass (Thalassia testudinum Banks ex Konig; 
Hydrocharitaceae) from the Bear Cut channel near Key Biscayne (1988-1993) revealed 
consistent patterns of decay along the leaves. Parrot fish grazing (measured by the number 
of bites per blade) seemed relatively intense in 1988-1989, but less so over 1990-1993. 
Blades from outside the Crandon Marina on Key Biscayne in 1990-1991 showed similar 
patterns of decay and parrot fish grazing. No major change in the Bear Cut blades following 
Hurricane Andrew were detected. 
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GROWTH AND SURVIVAL OF CAGED ADULT BAY SCALLOPS (ARGOPECTEN 
TRRADIANS CONCENTRICUS) IN TAMPA BAY WITH RESPECT TO LEVELS OF 
TURBIDITY, SUSPENDED SOLIDS AND CHLOROPHYLL A 


JAY R. LEVERONE 


Mote Marine Laboratory, 1600 Thompson Parkway, Sarasota, FL 34236 


ABSTRACT: Growth (shell height), survival and reproductive development of bay scallops and levels of 
turbidity, total and volatile suspended solids, phytoplankton and chlorophyll a were monitored biweekly in Tampa 
Bay from Jun 30 to Oct 27, 1992. Cages (25 individuals per cage) were placed in seagrass and sand bottom areas 
at two locations: 1) Beacon Key (BK), south of Cockroach Bay and 2) Boca Ciega Bay (BCB), between Bunces 
and Maximo Passes. No significant differences (p = 0.05) were observed in growth between sand anid grass at either 
location. Overall growth rate was significantly higher (p < 0.001) at BCB than BK. Overall survival was 31% at 
BCB and 15% at BK. No differential mortality was observed between sand and grass at BCB; mortality was greater 
in sand at BK. Water quality parameters were consistently higher at BK. Greatest mortality at BK (Oct 13) followed 
dramatic increases in turbidity (to 20.5 NTUs) and volatile suspended solids (to 16 mg/L) at this site. Overall 
mortality was associated with spawning at both sites. Funding was provided by the Tampa Bay National Estuary 
Program. 


Commercial harvest of bay scallops from Manatee and Hillsborough Counties 
collapsed in 1952 and are only occasionally found there today (Lewis and Estevez, 1988; 
Haddad, 1989). The recent distribution of bay scallops along the central Florida Gulf coast 
has been limited to Anclote Harbor, St. Joseph Sound, and possibly Mullet Key Bayou in 
southern Tierra Verde Sound (Barber and Blake, 1983; Dyer, 1975; U.S. Fish and Wildlife 
Service, 1982). A few scallops have been observed in southern Tampa Bay and incidental 
catches have been reported for northern Sarasota Bay over the last few years (Arnold, 1990; 
MML, unpublished). These areas are all noted for containing relatively large expanses of 
seagrass. Similar habitats within Tampa Bay may also be capable of supporting viable 
populations of bay scallops, provided that water quality and environmental conditions are 
within acceptable limits. 

Certain environmental characteristics are more pertinent than others to the 
maintenance and perpetuation of bay scallop populations. Temperature and salinity are two 
important physical parameters which synergistically influence survival and growth of both 
larval and adult scallops (Tettlebach and Rhodes, 1981). Temperature influences 
gametogenesis and spawning (Barber and Blake, 1983; Bricelj et al., 1987) as well as 
affecting the organism’s sensitivity to low salinity (Mercaldo and Rhodes, 1982). Although 
oxygen uptake rates have been shown to be independent of oxygen concentrations down to 
1.5 milligrams/liter (Van Dam, 1954), critical levels of dissolved oxygen for bay scallops 
have not yet been determined. Scallop growth is also influenced by water currents 
(Marshall, 1960; Cooper and Marshall, 1963; Kirby-Smith, 1972). Seagrasses are important 
as sites of attachment for recently metamorphosed young (Kirby-Smith, 1970; Thayer and 
Stuart, 1974), and indirectly provide food and protection for juveniles and adults (Ambrose 
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and Irlandi, 1992; Pohle et al., 1991; Peterson et al., 1989). Turbidity may affect the survival 
of eggs and larvae (Loosanoff and Davis, 1963), as well as adult feeding rates and filtering 
efficiencies (Stone and Palmer, 1975). The deleterious effects of suspended solids include 
lower assimilation (Dyer, 1975) and higher mortality rates (Duggan, 1973). Chlorophyll a 
levels reflect the total amount of available food resources, while phytoplankton composition 
provides data on the availability and quality of potential food items. 

The Tampa Bay National Estuary Program identified the reduction or alteration of 
living resources as a priority problem for the Tampa Bay estuarine system. As a result, 
several technical projects were developed to address these living resource problems in order 
to establish effective management guidelines. The current technical project was developed 
to identify the environmental requirements of the bay scallop, (Argopecten irradians 
concentricus). The primary objective of this study was to establish the water quality and 
habitat requirements of the bay scallop in Tampa Bay. This paper presents resu!ts on the 
growth, mortality and reproductive development of caged bay scallops with respect to select 

water quality parameters. 


MATERIALS AND METHODS 


This study was conducted within two seagrass meadows in middle and lower Tampa 
Bay (Figure 1). Both stations were located along the outer edge of perennial, healthy fringe 
seagrass meadows. One station (Beacon Key) was placed 400 meters off Beacon Key, south 
of Cockroach Bay and the other station (Boca Ciega Bay) was situated east of the Sunshine 
Skyway Causeway between Bunces and Maximo Passes. Stations were located in 
approximately six feet of water. 

Three sets of cages were arranged at each site. Duplicate cages (twenty-five scallops 
per cage) were placed over both seagrass and sand bottoms at each site to monitor growth 
and mortality. A third cage was deployed over each habitat type to monitor reproductive 
development. Two separate scallop deployments were made during this study. The first 
deployment (June 18, 1992) consisted of scallops spawned in the laboratory of Norman J. 
Blake, USF Marine Sciences, St. Petersburg, FL. The second deployment (August 17, 1992) 
involved organisms collected from shallow grassflats near Steinhatchee, FL. Monitoring 
continued through October 27, 1992. 

Growth was determined biweekly by measuring shell height to the nearest 0.1 
millimeters. Mortality was determined biweekly and empty shells removed from the cages. 
Seven to ten organisms were removed biweekly from the reproductive cage for histological 
determinations of gonadal development. Triplicate bottom water samples were collected 
biweekly from both sand and grass sites at each station and analyzed for turbidity, total and 
volatile suspended solids, and chlorophyll a. An additional water sample was collected for 
phytoplankton species composition. 
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FIG. 1. Station locations. 
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RESULTS 


Comparisons of growth followed methods of Andersen and Nass (1993). There were 
no significant differences (t test; P = 0.05) in growth between grass and sand at either Boca 
Ciega Bay or Beacon Key. Growth data were averaged for all cages at each site to compare 
scallop growth between Boca Ciega Bay and Beacon Key (Figure 2). There was not a 
statistically significant difference (P = 0.058) between sites at the beginning of the first 
deployment. However, for each subsequent sampling period through September 15, there 
was a Statistically significant difference in growth between sites (P < 0.001). Similarly, there 
was not a statistically significant difference (P = 0.287) between sites at the beginning of the 
second deployment. However, there was a statistically significant difference (P = 0.038) in 
mean shell height between the two sites on September 29 and October 27. 

Mortality rates from the first deployment (laboratory spawned scallops) were similar 
between sites (Figure 3). Eighty five percent of the organisms were dead at each site after 
2% months. A substantial percentage of this mortality (28% at Beacon Key; 25% at Boca 
Ciega Bay) was preceded by a condition tentatively referred to as "hinge disease", whereby 
the two valves became separated at the hinge. Overall mean cumulative percent mortality 
during the second deployment was 84% at Beacon Key and 53% at Boca Ciega Bay. The 
greatest differences in mortality between sites were observed from September 29 through 
October 27. 

Scallops from the first deployment were sexually mature with full gonads on July 16, 
two weeks after deployment. By August 3, partial spawning had occurred at both sites. 
Partial spawning was evident at both sites through September 24. There was no evidence 
of complete spawning at either site during the first deployment. Scallops from the second 
deployment were sexually mature on September 1. No differences in reproductive state 
were noted between sites. By September 15, gonads had been reduced to 50% at both sites 
indicating partial spawning. Major spawning activity occurred from September 24 through 
the end of October. Overall, spawning occurred slightly earlier and more completely at 
Beacon Key than Boca Ciega Bay. 

Very littie within-site differences (sand v. grass) were observed in any water quality 
parameter at either site, with the exception of Beacon Key on September 15. Therefore, 
replicates from each site were pooled for between-site comparisons. 

Turbidity ranged mostly between 4 and 6 NTUs at both sites and remained fairly 
constant throughout the study (Figure 4A). However, mean turbidity levels of 14.85 + 0.95 
and 20.62 + 13.26 were observed at Beacon Key on September 15 and October 13, respec- 
tively. Similar high turbidity levels were not found at Boca Ciega Bay on these sampling 
dates. 


Chlorophyll a levels were significantly higher (p = 0.05) at Beacon Key throughout 
the study (Figure 4B). Chlorophyll a ranged from 3.69-9.75 mg/m? at Boca Ciega Bay and 
from 10.78-26.14 mg/m? at Beacon Key. Temporal trends in chlorophyll a were similar to 
trends in turbidity throughout the study. 

Total suspended solids (TSS) were similar between sites (Figure 5A), although TSS 
were slightly higher at Beacon Key from September through the end of October. Temporal 
trends in volatile suspended solids (VSS) were similar to trends in turbidity (Figure 5B). 
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FIG. 2. Mean shell height (mm) of bay scallops from Beacon Key and Boca Ciega Bay from 
June 29 through October 27, 1992. Barber and Blake (1983) data for bay scallops from 
Anclote Anchorage, 1979-1981. 


Cumulative percent mortality 


—=— Beacon Key —=- Boca Ciega Bay 


FIG. 3. Mean cumulative percent mortality for laboratory spawned (= Deployment 1) and 
natural (= Deployment 2) bay scallops held at Beacon Key and Boca Ciega Bay. 
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FIG. 4. A) Turbidity and B) chlorophyll a levels (mean + 1 S.D.) at Beacon Key and Boca 
Ciega Bay from July 16 to October 27, 1992. 
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FIG. 5. A) Total suspended solids and B) volatile suspended solids (mean + 1 S.D.) at 
Beacon Key and Boca Ciega Bay from July 16 to October 27, 1992. 
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While VSS levels remained constant at Boca Ciega Bay throughout the study, elevated levels 
were observed at Beacon Key from September 15 through October 27. 

Overall phytoplankton density varied by an order of magnitude, ranging from 3 x 10° 
to 3 x 10’ cells/liter (Figure 6). Phytoplankton density remained fairly constant at Boca 
Ciega Bay (except for a peak on September 1) while large fluctuations were observed at 
Beacon Key. The greatest difference in phytoplankton density between the two sites 
occurred on October 13. 


CONCLUSIONS 


Scallop growth at both sites exhibited a characteristic asymptotic pattern. This 
pattern was similar to growth of a natural population from the Anclote Anchorage 
monitored by Barber and Blake (1983). Growth rates were significantly higher at Boca 
Ciega Bay than Beacon Key, suggesting that conditions for growth were more optimal at 
Boca Ciega Bay. Growth in adult scallops is primarily influenced by both temperature and 
food supply (Kirby-Smith, 1970). Since no differences in temperature were observed 
between sites in the present study, differences in scallop growth must be a result of 
differences in either the quantity and quality of food. In any event, scallops at Beacon Key 
did not appear to be limited by food supply to the degree where it affected their ability to 
initiate gametogenesis and eventually spawn. 

The life expectancy of bay scallops is associated with a latitudinal gradient. Florida 
populations of Argopecten i. concentricus have a shorter life span than North Carolina 
populations. Bay scallops in Alligator Harbor, Florida apparently do not live longer than 
19 months (Sasiry, 1961), and animals from farther south, including Tampa Bay, may have 
even shorter life spans (12-14 months). 

There are few data on presenescence mortality rates from natural populations. 
Cumulative mortalities of 9% from Long Island, NY (Bricelj et al., 1987) and 13% from 
Virginia (Castagna and Duggan, 1971) have been reported for field organisms maintained 
in cages and trays. Mortality of the great scallop (Pecten maximus) kept in ponds was as 
high as 67% (Andersen and Naas, 1993). Although cumulative mortality rates in this study 
were relatively high (53 to 85%), these rates were generally in line with results from the few 
studies incorporating caging techniques. 

Barber and Blake (1981) witnessed high post-spawning mortality in natural scallop 
populations which was attributed to depletions in energy reserves. The southern range in 
bay scallop distribution is ultimately limited by the energetic demands placed on populations 
subjected to high temperatures and limited food supplies. The period of highest mortality 
during the second deployment (late September through October) coincided with a peak in 
spawning. Although mortality was higher at Beacon Key, a substantial portion of the overall 
mortality can be attributed to this post-spawning condition. 

A notable percentage (ca. 25%) of mortality from the first deployment (laboratory 
spawned scallops) was preceded by a condition tentatively referred to as "hinge disease", 
whereby the two valves became separated due to a deterioration of the ligament along the 
hinge line. This condition, which prevented the organism from properly closing its valves, 
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FIG. 6. Phytoplankton densities (cells/liter) at Boca Ciega Bay and Beacon Key from July 
16 through October 27, 1992. 


imposed serious obstacles to the normal functioning of these organisms. All scallops that 
developed this condition were dead within two weeks. The cause of this "disease" is 
unknown, although it has been infrequently observed in the field (Blake, personal 
communication). The high percentage of "hinge disease" in this study may be partly due to 
a combination of aquaculture and caging-related stresses. Determining the cause(s) of this 
disease would benefit bay scallop aquaculture and stocking programs. 

The degree to which bay scallop growth and reproductive output differed between 
Boca Ciega Bay and Beacon Key may be partially attributable to differences in water quality 
between the two sites. Growth in scallops is ultimately dependent upon algal concentrations 
(Cahalan et al., 1989). Scallops, like other bivalves, appear to achieve maximal growth rates 
at moderate algal concentrations and are not well adapted to high food levels (Malouf and 
Bricelj, 1989) or high suspended sediment concentrations (Bricelj and Malouf, 1984). 
Optimal absorption efficiency occurs at plankton concentrations of 1.88 x 10* cells/ml (Dyer, 
1975). As the inorganic fraction of the optimal load increases, absorption efficiency 
decreases. The higher levels of suspended solids at Beacon Key (coupled with the overall 
high phytoplankton levels) starting in September placed extra metabolic demands on those 
organisms, which still had to expend energy filtering this extra material without any 
nutritional benefit. The "cost" of this expenditure may be partly reflected in the reduced 
growth rates and lower reproductive output at Beacon Key. 
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Overall water quality in Tampa Bay has shown steady improvements since 1980 
(KEA, 1992). Results from this study may reflect some of those water quality 
improvements. Scallop growth appeared similar to that of natural populations. Food levels 
were certainly sufficient to promote normal gonadal development, and suitable water 
temperature regimes assisted in the proper timing of scallop spawning. The lower growth 
rate and higher mortality at Beacon Key, however, suggest that conditions at this site, 
although suitable for growth and spawning, were less than optimal. The course of somatic 
growth and reproductive development and the initiation of spawning coincident with a drop 
in water temperature are all indications that environmental conditions within lower and 
middle Tampa Bay are at least adequate enough to allow the successful survival and 
propagation of bay scallops. If water quality conditions continue to improve, bay scallops 
should have the potential to return to Tampa Bay. 
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The National Estuary Program (NEP), established by the Water Quality Act of 1987, 
authorizes the Environmental Protection Agency Administrator to develop Comprehensive 
Conservation and Management Plans (CCMPs) for estuaries of national significance that are ff 
threatened by pollution, development, or overuse. Tampa Bay was added to the NEP on April 
20, 1990 and the local NEP office was established soon thereafter under the administration of 
the Tampa Bay Regional Planning Council. The NEP approach for each estuary is a phased 
process to 1) build a management framework, 2) characterize and define estuary problems, 3) 
develop a CCMP, and 4) implement the CCMP. Tampa Bay NEP staff directed the 
development of the Management Conference Agreement which was approved on March 25, 
1991. 

Immediately following the development of the management framework, a Framework for 
Characterization workshop was held to identify data needed to characterize Tampa Bay and 
depict the bay’s critical components, processes, and interactions. The report herein on the 
review and analysis of historical water quality data represents one of the first characterization 
projects administered by the Tampa Bay NEP, and addresses one of the priority needs identified 
from the Framework for Characterization workshop. KEA Environmental, a department of King 
Engineering Associates, Inc. (KEA), assembled a project team comprised of locally recognized 
scientists to address the water quality components of the historical data review. 

The overall project objective was to define the spatial and temporal trends in selected 
parameters that describe the physical, chemical and biological characteristics of Tampa Bay. 
Knowledge of the spatial and temporal variability associated with selected parameters was 
expected to provide additional information in regard to the identification of significant bay 
processes and to provide recommendations for water quality monitoring that, if implemented, 
would provide an improved depiction of bay processes; a prerequisite for effective and sound 
bay management. 
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METHODS 


The data collected by the Environmental Protection Commission (EPC) of Hillsborough 
County were the primary surface water quality information examined. The EPC data 
provided the greatest temporal and spatial coverage and, as such, a detailed review of data 
from 1974 through 1990 at 50 saltwater stations was performed. With the exception of a few 
parameters measured in situ at several depths (e.g., temperature, salinity, dissolved oxygen), 
all other EPC parameter measurements were derived from samples collected at mid-depth 
in the water column. Other water quality data from a recent SWFWMD study of the Little 
Manatee River (1988-1990) and data collected in Tampa Bay by the City of Tampa (1980- 
1990) were also reviewed, but not nearly to the extent or detail that the EPC data was 
examined. In addition to water quality data, meteorological information on wind and 
precipitation in the Tampa Bay area from the National Climatic Data Center (NCDC), and 
freshwater tributary flow information from the United States Geological Survey (USGS) 
were obtained due to their potential influence on bay water quality. 

The historical water quality data was obtained in several different formats for 
computer use. These data sets, acquired on magnetic media, were converted into a common 
format to expedite subsequent data review and analysis. The converted EPC data files, as 
well as the City of Tampa and the Little Manatee River data files, are available from the 
Tampa Bay NEP office on floppy disks in dBASE III Plus formats (BM PC compatible). 

For descriptive purposes, project results fall into five parts: 1) physical and 
meteorological parameters (temperature, salinity, precipitation, wind velocity, wind 
direction); 2) chemical parameters (total phosphorus, total nitrogen, dissolved oxygen); 3) 
biological and water clarity parameters (chlorophyll a, Secchi depth, color, and turbidity); 
4) empirical orthogonal function (EOF) analysis (alternatively referred to as Principal 
Components Analysis); and 5) City of Tampa and Little Manatee River data sets. 

Since 1972, the EPC Tampa Bay saltwater stations have been sampled on a monthly 
basis in the four major bay subunits; Hillsborough Bay (HB), Old Tampa Bay (OTB), 
Middle Tampa Bay (MTB), and Lower Tampa Bay (LTB). A complete monthly sampling 
of all saltwater stations, however, occurs over a period of three weeks, whereby roughly one- 
third of the stations are sampled on one day during each of three consecutive weeks. As 
a result, many Tampa Bay stations, although sampled in the same month, were actually 
sampled three weeks apart in time. Consequently, data interpretation should be viewed 
accordingly with respect to this asynoptic sampling strategy. 


RESULTS AND DISCUSSION 


Physical and Meteorological Parameters 


Salinity: The salinity regime, as expected, is primarily influenced by bay-shelf interaction 
and freshwater runoff. Surface and bottom salinities, although very similar, typically 
maintain a 1-2 ppt difference for many areas of Tampa Bay. Also, large interannual salinity 
variabilities were observed (5-10 ppt change in 1-3 year period) as well as an annual pattern 
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of minimum salinities in September. A 10 ppt longitudinal gradient, on average, has existed § 
throughout the year between the mouth of Tampa Bay ( ~ 34 ppt) and Hillsborough Bay § 
(~ 24 ppt). 


Temperature: Temperature data indicate that the bay, in general, is thermally well mixed fF 
with water temperatures similar to those of the adjacent Gulf of Mexico. Historical data 
show summer maximums of 28 to 30°C from June to August, and winter minimums of 16 § 
to 18°C from December to February. 


Wind: A fairly regular annual cycle is observed with winds, on average, from the north and 
east during the fall and winter, and from the south and west during the spring and summer. § 
Only during the fall months, on climatological average, do winds have a stable preferred § 
direction, which is from the northeast. Fall wind patterns, although not specifically 
examined in this project, should have the effect of lowering water temperature and 
simultaneously lowering mean sea level by several inches. 


Precipitation: The climatological annual cycle (1970-1990 data) shows that the greatest 
precipitation extends from June through September with peak rainfall occurring in August 
(~7in.). Interannual variability in rainfall is quite pronounced. The years 1979 ( ~ 68 in.), 
1982-1983 (~ 55-60 in.), and 1987-1988 ( ~ 50-53 in.), were peak rainfall periods relative to 
the drought years of 1974 (~32in.), 1977 (~31 in.) and 1984 (~32in.). Two of the three 
peak rainfall periods in Tampa Bay may be related to the El Nino-Southern Oscillation, 
which is often linked to global climate variations. 


Chemical Parameters 


Total Phosphorus (TP): Mean TP concentrations over the 17-year record for all locations 
have ranged from 0.2 mg/1 at the bay mouth to 1.2 mg/I at the mouth of the Alafia River. 
TP concentrations were generally greatest in HB, next highest in OTB, and decreased down 
bay from MTB to LTB. 

Baywide TP concentrations for nearly all locations have declined an average of 67% 
from 1974 until 1981-1982, with values remaining relatively stable since 1982. Stations near 
the mouths of the Alafia and Little Manatee Rivers had consistently higher annual TP levels 
compared to other bay locations. The annual pattern in TP for most locations is similar to 
the pattern of freshwater flow into the system. Constant values occur from the winter into 
spring, a rise to a maximum is observed in the late summer to early fall, and a decrease is 
evident in the late fall. 


Total Nitrogen (TN): Due to analytical uncertainties in data prior to 1981, only TN records 
from 1981-1990 were reviewed. The general pattern of nutrients declining in concentration 
from the bay’s head to its mouth was also observed for TN, however, a few localized regions 
(e.g., river mouths) showed relatively high gradients of change in TN concentration. The 
mean nitrogen distribution show highest values in HB (1.0 mg/1) and lowest values at the 
mouth of Tampa Bay (0.45 mg/l), thus exhibiting a mean gradient throughout the length of 
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Tampa Bay of about 0.5 mg/l TN. Relative maxima also appear adjacent to the Little 
Manatee River and along the western side of OTB. HB, OTB, and the upper portions of 
MTB had baseline (typical non-peak year) values from 0.5-0.8 mg/l. The region between 
the lower areas of MTB and the upper portion of LTB had decreasing baseline values, in 
a seaward direction, from 0.5 to 0.25 mg/l. 

A positive relationship between higher total freshwater flow rates and higher TN 
values occurred for many, but not all, bay locations over the period of record from 1981- 
1990. At several stations, a complex and incomplete linkage was demonstrated between TN 
concentrations and freshwater input. In general, for most locations, annually averaged time 
trends show two maxima, one in 1983-1985, and the other in 1987. 


Dissolved Oxygen (DO): The mean distribution of mid-depth DO over the 17-year period 
of record is fairly uniform over the entire bay (~5.8-7.4 mg/l). Overall DO annual 
averages, for all depths considered, were greater in the years 1974/1975 to 1982 compared 
to the period 1983 to 1989-1990. The time of DO decrease baywide roughly corresponds 
to the first definitive maxima observed for annual averages of both TP and TN. In addition, 
time series graphs displaying minimum and maximum near-bottom DO concentrations, or 
DO amplitudes, show a definitive decrease in DO amplitude after 1982. The annual pattern 
of climatological means for mid-depth DO is reasonably similar for all stations, with high 
values (7.8-8.0 mg/l) in winter, and low values (2.9-5.5 mg/l) usually during August or 
September during the summer. 


Biological and Water Clarity Related Parameters 


Chlorophyll a: During the last several years, a baywide chlorophyll trend toward a reduction 
in the magnitude of chlorophyll concentration has occurred in combination with a similar 
reduction in the annual chlorophyll minimum concentration. These results support other 
recent reports that at least one indicator of eutrophication, chlorophyll a concentration, has 
been declining throughout Tampa Bay. 

The 17-year chlorophyll averages, as expected, show an increase from the mouth (4 
ug/l) to the head (25 ug/l in HB) of the bay. Averages for OTB locations are similar to 
those at several locations in MTB and are roughly one-half the concentrations found in HB. 
Results indicated that HB can be viewed as a "source" of chlorophyll for mid and lower 
portions of Tampa Bay. A pronounced seasonal cycle with a late summer/fall maxima and 
a winter minima is evident. Annual minimum concentrations tend to increase at some 
locations from 1976 through 1984-1986. Finally, annual maximum concentrations tend to 
increase through the late 1970’s at some locations and in the early 1980’s at other locations 
with an overall trend toward reduced maximum and minimum concentrations after 1985 or 
1986. 


Secchi Depth: The 17-year time series of Secchi disappearance depths (SDD) is very similar 
for nearly all bay locations. Secchi depth decreased from 1974 through 1979-1980 and has 
generally increased through 1990. Seventeen-year averages for several locations indicate 
reduced values in HB (SDD of 36 inches) to clear water near the mouth (SDD greater than 
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100 inches). 

HB, OTB, and MTB locations had elevated SDD values during the winter and lower 
values in the summer and fall. Monthly climatology of SDD clearly indicates that the 
coastal waters strongly affect the quality of water in the entire bay including upper OTB, 
and as such, demonstrates the importance of bay-shelf exchange processes in the dynamics 
of Tampa Bay. 


Color: Color values for all locations have remained relatively constant over the 17-year time 
series. Average 17-year values decrease from the head to the mouth of the bay with 
elevated values in HB (~ 13-18 Pt-Co. units), OTB (~ 10-12 Pt-Co. units) and at locations 
along the eastern shore of MTB ( ~ 10-12 Pt-Co. units). The annual trends in color follow 
the patterns for total freshwater flow in all bay segments. In addition, a positive relationship 
was found between annual average color and chlorophyll values. 


Turbidity: Turbidity values, like color, have remained relatively constant over the period 
of record for all locations. Seventeen-year averages are similar throughout the bay (range 
3.2-7.6 NTU) with slightly lower values at stations in or near the channel, and slightly higher 
values for locations in HB, at Station 65 just south of the western end of the Courtney 
Campbell Parkway in MTB, and at Station 84 near the mouth of the Little Manatee River. 
No distinct seasonal pattern in the climatological mean turbidity values is common 
throughout the bay, and in fact, seasonal patterns were quite variable depending on the 
particular location. 


CONCLUSIONS 


Tampa Bay may be characterized as having pronounced seasonal and interannual 
variability for all of its water quality parameters. The character of this variability, however, 
does differ from parameter to parameter. While potential interrelationships appear to exist 
between some selected parameters, our initial impression is that they are not robust enough 
for constructing sound statistical models capable of predicting one parameter (chlorophyll, 
for example) from others. 

A similar statement applies to the City of Tampa and Little Manatee River data sets 
that were considered; in fact, visual inspection suggested that we not pursue further time 
series analysis for them. Apparently, the dominant time scales of variability are not resolved 
by weekly sampling. 

Hillsborough Bay clearly stands out as a region of high nutrients and chlorophyll, 
particularly at the river mouths. Not surprisingly, then, there also exists a correlation 
between such levels and gauged stream flow. Secondary locations of elevated nutrients, 
chlorophyll and other parameters exist along the western shore of Old Tampa Bay (St. 65), 
adjacent to the Little Manatee River (St. 84) and in Lower Tampa Bay (St. 96). 

A pronounced longitudinal salinity gradient between the mouth of the bay and its 
upper reaches exists throughout the year. This gradient occurs during both relatively dry 
and wet years. An inescapable conclusion from this observed baroclinicity is that 
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gravitational convection is an important mode of circulation for Tampa Bay. This is borne 
out by the distribution of water properties in relation to the deep navigational channels, 
which accentuates the communication of water between the bay and the adjacent coastal 
ocean. Chlorophyll concentration, TP, TN and the SDD show this very well. It follows from 
these findings that the circulation of the bay is essential for water quality modeling and that 
the non-tidal communication of water between the bay and the Gulf of Mexico is a 
necessary ingredient for understanding the circulation and flushing of the entire bay, from 
its mouth to the upper reaches of Hillsborough Bay and Old Tampa Bay. 

The EOF analyses of the climatological means show most of the annual variations 

can be accounted for by spatially coherent patterns. The pattern accounting for the most 
variance is generally one in which parameter values increase and decrease in unison (i.e. 
seasonality) over most of the bay. The next pattern of variation tends to distinguish 
Hillsborough Bay from the rest of Tampa Bay, and higher order modes point out the 
importance of river mouths for parameter variability. EOF’s for the 17-year time series 
were only computed for chlorophyll a. This was an effective way of describing the 
interannual and annual variations of the chlorophyll patterns. 
Inspection of the 21-year hourly sampled winds shows that most of the variance resides at 
synoptic and sea breeze time scales. The synoptic frequency fluctuations are particularly 
important in driving a wind-induced non-tidal circulation which, along with gravitational 
convection, is also important for flushing and hence water quality considerations. 

In summary, we have constructed several products from the EPC data set which are 
useful in describing the time and space scales of variability within Tampa Bay, subject to the 
inherent sampling protocol limitations of these data. We have offered a description of the 
seasonal and interannual variations observed and have pursued a limited number of analyses 
given the time constraints. The climatological mean products for selected parameters should 
be of particular use in designing future monitoring protocols. A high degree of similarity 
was found for the annual averages and climatological means for stations sampled within the 
same bay segment, particularly if the stations were sampled within the same weekly regime 
(ic. OTB). However, use of average values has a considerable smoothing effect on the 
data. Therefore, use of these values as indicators of spatial homogeneity must be viewed 
with caution. Additional analyses to determine spatial coherence should be included as a 
component in future work. 

The EPC and other data sets have been collected at great expense; they contain a 
considerable amount of useful information of which we have simply scratched the surface, 
and we therefore recommend that their analysis be continued. 

A detailed reporting of the methods, results, and discussion with regard to the work 
described herein is presented in the Tampa Bay National Estuary Program Technical 
Publication #7-92. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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POPULATION ECOLOGY OF THE SEA URCHIN LYTECHINUS VARIEGATUS IN 
RELATION TO SEAGRASS DIVERSITY AT TWO SITES IN BISCAYNE BAY: 
PRE- VS. POST-HURRICANE ANDREW (1989-1992) 


JEREMY R. MONTAGUE, JORGE L. CARBALLO, WILLIAM P. LAMAS, 
JULIO A. SANCHEZ, ERIC R. LEVINE, MARCIA CHACKEN, 
AND JORGE A. AGUINAGA 


School of Natural and Health Sciences, Barry University 
11300 N.E. Second Avenue Miami Shores, Fl 33161 


ABSTRACT: The sea urchin Lytechinus variegatus Lamarck is a common inhabitant of the seagrass meadows 
of South Florida and the Caribbean. Two sites along the northem coast of Key Biscayne were chosen. Four field 
collections (December 1989, June 1990, July 1991, and December 1992) were completed from a meadow near the 
Crandon Marina, and three field collections were completed from a meadow in the Bear Cut Channel (June my, 

July 1991, and October 1992). These revealed significant differences in mean urchin densities (roughly 1 urchin/m2 
in Crandon vs. roughly 0.3 urchin/m2 in Bear Cut). Roughly 65% of the Crandon site area was covered by 
Thalassia testudinum (turtle grass) alone, and roughly 25% of the area was covered by a mixture of T. testudinum 
and Halodule wrightii (shoal grass). Roughly 5% of the site was covered by H. wrightii alone, and roughly 5% 
of the site lacked seagrass. Roughly 75% of the Bear Cut site area was covered with a mixture of T. testudinum 
and Syringodium filiformes (manatee grass); roughly 15% was covered with a mixture of all three seagrasses. Fewer 
than half of the urchins at either site were feeding at the moment of capture; of those feeding, most were eating 
decayed pieces of T. testudinum. Urchins at both sites tended toward random dispersions within the meadows. 
The 1992 collections were made after Hurricane Andrew; remarkably little change was found in urchin and seagrass 
populations despite the fact that the sites took a nearly direct-hit from the storm. (Funded partially by NIGMS- 
MARC Grant, Barry University). 


Tropical turtle grass (Thalassia testudinum Banks ex Konig; Hydrocharitaceae) is the 
dominant angiosperm of South Florida and Caribbean seagrass meadows (Hanlon and Voss, 
1975; Williams, 1990; Zieman et al., 1989). It is mainly responsible for the high productivity 
of these unique, coastal communities (Jensen and Gibson, 1986). Recent studies examined 
the intricate biotic and abiotic relationships in turtle grass beds (Newell et al., 1986; Powell 
et al., 1991; Powell et al., 1989; Tomasko and Dawes, 1990; Williams, 1990). The seagrass 
meadows of Florida Bay, in particular, seem sensitive to a variety of environmental 
perturbations, especially fluctuations in nutrients (Fourqurean et al., 1992). 

Recent studies also concentrated on the animals which graze on turtle grass, such as 
parrot fish (Hay, 1984) and sea turtles (Williams, 1988). Arguably most important are the 
herbivorous sea urchins (Lawrence, 1975, and others cited below). The sea urchin 
Lytechinus variegatus Lamarck (Echinoidea: Echinodermata) is a generalist grazer in the 
shallow seagrass meadows of Florida and the Caribbean (Greenway, 1976; Hay, 1984; 
Keller, 1983; Klinger, 1984; Oliver, 1987; Moore and McPherson, 1965; Moore et al., 1963; 
Valentine and Heck, 1991). L. variegatus is one of the few marine species which graze on 
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turtle grass. As such, its fitness and population dynamics ought to be dependent to a 
considerable extent on the productivities and species diversities of the benthic vegetation. 

Urchins and vegetation have been collected from two sites in Biscayne Bay since 
1986; the goal has been to assess ecological relationships among urchins and seagrasses 
(Montague et al., 1991; Montague et al., 1988). These lab and field studies yielded some 
interesting data on trophic relationships between L. variegatus and T. testudinum. New field 
data collected over a four-year period (1989-1992) are reported here; the 1992 samples were 
taken roughly one-three months after Hurricane Andrew. Four major questions are 
addressed with these data: 


iz Are there significant variations in the spatial or temporal abundances of sea urchins 
and the benthic vegetation? 

2. Is mean body size and/or the distribution of body sizes of L. variegatus correlated 
with variations in the benthic vegetation? 

Ss. Are there spatial or temporal variations in the diet of L. variegatus? 

+ Did Hurricane Andrew inflict significant damage on the seagrass meadows? 


The answers to these questions should provide new insight into the dynamics of this marine 
herbivore-plant system. 


MATERIALS AND METHODS 


Both field sites lie along the northern coast of Key Biscayne (25°46’N: 80°10’W; 
Figure 1). The first is a shallow seagrass meadow just outside the entrance to the Crandon 
Marina. The second is a shallow seagrass meadow in the Bear Cut Channel between Key 
Biscayne and Virginia Key. Both sites average roughly 1 m in depth at mean low tide. The 
northern shores of Key Biscayne were roughly six miles north of Hurricane Andrew’s 
northeast eye-wall. The two sites probably endured sustained wind-velocities of roughly 100- 
120 miles-per-hour (Lyskowski and Rice, 1992; Torrence, 1992). 

Beginning in June 1990, 20-m linear transects were placed at 5-m intervals across 
roughly 100-m? in each site. At each 1-m intercept of the transect the type of attached 
vegetation contained within a radius of roughly 50 cm of the intercept were recorded. A 
total of 200 1-m intercepts were examined at each site during each collection period. 
Although Greig-Smith (1983, p. 106) recommended perpendicular transects across the field 
site, parallel transects were chosen instead to minimize disturbances to the sediments as the 
transects were moved. It was not possible to empirically measure the vegetation at Crandon 
during December 1992 due to generally poor water visibility; however, a single 20-m transect 
was recorded, and several qualitative field observations were noted for vegetation at 
Crandon in late-1992. 
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FIG. 1. Field sites in Biscayne Bay. The Bear Cut site covered roughly 3,000-m?, roughly 
20 meters from shore; the Crandon site covered roughly 1,000 m7, roughly 150 meters from 
shore. 
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Within the seagrasses 1-m? quadrats were used (after Montague et al., 1988) to 
sample urchin densities over five days during each collection period (the 1992 collections 
from the Crandon site consisted of only two days). A total of 125 1-m? quadrats were 
examined per collection per site (exceptions for Crandon: 100 quadrats in 1989, and 50 
quadrats in 1992). Each urchin’s mouth was examined immediately upon capture to see if 
it was eating any vegetation, and its test diameter was measured to the nearest mm with 
vernier calipers. To compare mean urchin density between sites, each urchin count/m? was 
first transformed with a square-root function to ensure homogeneity of variances (Sokal and 
Rohlf 1987, p. 218). A two-way ANOVA was used to compare mean urchin densities (by 
year and by site), and also, mean urchin diameter (by year and by site). 

The observed spatial dispersions of urchins per quadrat were used to generate 
predicted poisson (random) dispersions (Montague et al., 1988; Krebs 1989, p. 73). A 
poisson dispersion is generated by the probability function: 


Prob.(x = k) = (e“u5)/k! 


where x is the observed count/quadrat (0, 1, 2, 3,...k), and pw is the sample mean 
count/quadrat. In such a dispersion the sample mean and sample variance are equal. Chi- 
Square analysis was used to compare observed and expected dispersions at each site. The 
observed counts in each sample were truncated until there were at least three quadrats in 
each predicted category (see Krebs 1989, p. 78). 


RESULTS 


The linear transects revealed important differences in vegetation between the sites 
over a three-year period (Figure 2). The Crandon vegetation in 1990-1991 consisted mostly 
of T. testudinum alone (roughly 65% of the 1-m intercepts). Roughly 25% of the intercepts 
contained a mixture of T. testudinum and H. wrightii. Roughly 5% of the intercepts 
contained H. wrightii only, and roughly 5% contained bare sand only. Very little S. filiformes 
was found in 1990, and none in 1991. The single 20-m transect and field notes suggested 
the Crandon vegetation after Hurricane Andrew was roughly the same as in previous years: 
that is, large amounts of turtle grass, some shoal grass, and little or no manatee grass. On 
the other hand, the Bear Cut vegetation in 1990-1992 was dominated by a mixture of T. 
testudinum and S. filiformes (roughly 75% of the intercepts); roughly 5-15% of the intercepts 
contained a mixture of all three seagrasses. There was very little bare sand detected over 
the three-year period. 

The observations of feeding preferences are summarized in Table 1. Most urchins 
were not feeding at the moment of capture. Those that were feeding usually had pieces of 
decayed T. testudinum in their mouths; some of the Crandon urchins in 1991 seemed to 
show some preference for pieces of H. wrightii. 
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FIG. 2. Proportions of 1-m intercepts along 20-meter transects (200 intercepts per collection 


period) containing seagrasses. 
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TABLE 1. Vegetation eaten by L. variegatus in Biscayne Bay. Values are number of urchins 
observed eating specific vegetation. Values in parentheses are fractions of total urchins per 
site. 


PERIOD CRANDON BEAR CUT 
June Vegetation in the mouth: 
1990 T. testudinum 11 (.09) 9 (.32) 
H. wrightii 2 (.02) 0 
S. filiforme 0 0 
Unidentified material 0 0 
No Vegetation in the Mouth: 110 (.89) 19 (.68) 
Total urchins: 123 28 
Number of 1-m? quadrats: 125 125 
July Vegetation in the mouth: 
1991 T. testudinum 15 (.12) 25 (.35) 
H. wrightii 9 (.07) 0 
S. filiforme 0 2 (.03) 
Unidentified material 0 
No Vegetation in the Mouth: 110 (.81) 43 (.62) 
Total urchins: 134 70 
Number of 1-m? quadrats: 125 125 
Fall Vegetation in the mouth: 
1992 T. testudinum 12 (.40) 14 (.28) 
H. wrightii 0 0 
S. filiforme 0 0 
Unidentified material 0 0 
No Vegetation in the Mouth: 18 (.60) 36 (.72) 
Total urchins: 30 50 
Number of 1-m? quadrats: 50 125 


The mean densities of urchins/m? are shown in Figure 3. ANOVA on square-root- 
transformed counts revealed significant differences in mean density between sites (F = 
61.86, p. < 0.001) and between years (F = 14.07, p. < 0.001). There was no significant 
interaction effect between site and year (F = 2.54, p. = 0.08). Although the Crandon mean 
density reached its lowest value after the hurricane, the Bear Cut mean density after the 
hurricane was slightly greater than the 1990 mean value. 
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FIG. 3. Mean urchin densities/m? per collection period (hollow circle = Crandon, solid 
circle = Bear Cut). 


The diameter frequency histograms are shown in Figure 4. The Bear Cut population 
seemed more variable in size distributions between years. ANOVA revealed significant 
differences in mean diameter between sites (F = 7.18, p. < 0.01) and between years (F = 
3.04, p. = 0.03). There was a significant interaction effect between site and year (F = 10.76, 
p. < 0.001). 

The observed and predicted (poisson) spatial dispersions of urchins within seagrass 
are shown in Figure 5. Chi-square analysis indicated a significant departure from the 
random model only for the 1989 Crandon sample and the 1992 Bear Cut sample. The other 
five samples conformed to the predicted random dispersions. In the 1989 Crandon sample, 
there was an excess of empty quadrats, a deficit of one-, two-, and three-urchins/quadrat 
counts, and an excess of crowded quadrats. In the 1992 Bear Cut sample, the pattern was 
roughly similar, though the mean densities of the two samples were quite different. 


241 


SPECIAL PUBLICATION 


No. 2, 1995] 


OCT. 1992 


BEAR CUT 
JULY 1991 
BEAR CUT 


Eo 
oS 
[-4 

453 
me 


METER (mm) 


FIG. 4. Frequency histograms for urchin test-diameters. 


\\% 
\ S| 
\\\ 


URCHIN DIA 


DEC. 1989 
CRANDON 
DEC. 1992 


CRANDON 
CRANDON 
CRANDON 
JULY 1991 


IVAUGLNI AZIS/SNIHOUN 


242 FLORIDA SCIENTIST [Vol. 58 


CRANDON 
DEC. 1989 
p < 0.001 


CRANDON BEAR CUT 
JULY 1990 JULY 1990 
p = 0.49 


CRANDON 
JULY 1991 
p = 0.09 


BEAR CUT 
JULY 1991 


NUMBER OF QUADRATS 


CRANDON BEAR CUT 
DEC. 1992 OCT. 1992 
p = 0.49 p = 0.05 


URCHINS PER QUADRAT 


FIG. 5. Observed (solid) and predicted (hollow) numbers urchins per 1-m? quadrats. P- 7 


| 
value is chi-square probability that observed and predicted are the same. 
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DISCUSSION 


A significant difference was observed in mean urchin density/m? between the 
Crandon and Bear Cut sites. This is possibly related to the difference in seagrass diversities 
between the two sites. But what might cause the differences in vegetation? During each 
collection period it was noted that the water current through the Bear Cut site (estimated 
as roughly 0.1 m/sec) was considerably stronger than the current through the Crandon site. 
It was also noted that the vegetation in the Crandon site accumulated noticeably thicker 
layers of fine sediments; such sediments had less chance to settle around the Bear Cut site. 

The Crandon site lies roughly 30 meters to the east of one of the many channel 
entrances into the marina. Relatively slow currents and recreational boat traffic combine 
to increase the load of fine sediments to the seagrass meadows. This is perhaps the sort of 
habitat which favors the growth of H. wrightii at the expense of S. filiformes. These 
conditions may also explain the differences in urchin densities, assuming the local 
disturbances affect larval settlement. 

The observed densities of urchins at either site are lower than recent estimates 
obtained from other turtle grass communities. Valentine and Heck (1991) reported mean 
urchin densities from the west coast of Florida 5-10 times higher than estimated for this 
study. Their evidence indicated over-grazing (complete defoliation) of seagrass would not 
begin until L. variegatus densities reached at least 20 urchins/m?. The densities observed 
during this study stayed well below this level. 

The distributions of body sizes (Figure 4) suggest the Bear Cut urchins show more 
demographic variability in size- and age-structure. This might result from more variability 
in age-specific mortalities at the Bear Cut site. Or it might reflect more variability in larval 
recruitment, due perhaps to differences in current velocities. The data in Figure 4 also 
suggest the more stable size- and age-structure of the Crandon urchins is associated with 
both comparatively higher adult densities and comparatively lower diversity of vegetation 
(most of the Crandon vegetation was T. testudinum alone). These possibilities are certainly 
worthy of further investigation. 

It was surprising to see how little change had taken place following Andrew. 
Significant erosion of sediments was noted around the red mangrove (Rhizophora mangle) 
prop-roots 20-30 meters south of the Bear Cut meadows in October 1992, but the meadows 
themselves weathered the storm with no apparent harm. It seems likely the seagrass beds 
of Biscayne Bay are affected less by unpredictable factors such as storms, but more by 
factors such as nutrient deficiencies, disease, and herbivores. New research on these 
communities is envisioned. 


CONCLUSIONS 


Comparisons over three years between two seagrass meadows near Key Biscayne 
revealed differences in the benthic vegetation. The Crandon site consisted mainly of turtle 
grass and shoal grass; the Bear Cut site consisted mainly of turtle grass and manatee grass. 
It is suggested that these differences may be related to the generally slower currents and 
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increased boat traffic in and around the Crandon Marina. Consistently higher urchin 
densities were also found in the Crandon site; this is arguably related to the difference in 
vegetation. Urchins from both sites fed mostly on decayed T. testudinum. The mean urchin 
size, and the distributions in body sizes at the Crandon site showed little variation over the 
three years. The Bear Cut urchins, on the other hand, showed more variability in mean size 
and in the distributions of body size. No significant differences were observed in the 
seagrass diversities, or in the urchin densities, dispersions, and body sizes between 1990-1991 
(before Hurricane Andrew) and 1992 (after Andrew). 
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Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 


No. 2, 1995] SPECIAL PUBLICATION 247 


THE TAXONOMY AND DISTRIBUTION OF MYSIDACEA 
IN TAMPA BAY, FLORIDA 


W. WAYNE PRICE 


Department of Biology, University of Tampa, Tampa, FL 33606 


ABSTRACT: Nine species of mysids, belonging to five genera, were identified from 80 samples and over 4,500 
individuals collected from Tampa Bay. Collections were made with dip nets, epibenthic sleds, and triangular dredges 
in depths ranging from <1.0m to 10.5m. Mysidopsis almyra and M. bahia were the most commonly collected 
species taken in shallow waters (<2m). These species were sympatric in Old Tampa Bay where they were also 
abundant in deeper waters. Although M. almyra was restricted to the lower salinities of Old Tampa Bay, M. bahia 
was frequently collected in shallow areas of Middle and Lower Tampa Bay. Taphromysis bowmani was the 
dominant species in vegetated areas and was taken from fresh-water in the Hillsborough River to the mouth of 
Tampa Bay. Bowmaniella brasiliensis is a burrowing species that was found on sandy substrates in shallow waters 
throughout the Bay. Metamysidopsis swifti was restricted to the surf zone and shallow offshore areas of high energy 
beaches where it was the dominant species. Brasilomysis castroi, Mysidopsis furca, M. mortenseni, and an 
undescribed species of Mysidopsis occur offshore and were collected mainly in the deeper waters of Middle and 
Lower Tampa Bay. However, the latter two species were taken occasionally in waters of <2m. I thank David K. 
Camp for assistance in the field. Financial suppor for this study was provided by the University of Tampa (Faculty 
Development Grant) and the Florida Marine Research Institute. 


From the Symposium on Human Impacts on the Environment of Tampa Bay, Florida Academy of 
Sciences, 25-27 March 1993, at Eckerd College, St. Petersburg. 
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RED-BELLIED WOODPECKER, MELANERPES CAROLINUS, 
PREDATION ON ADULT GREEN ANOLE, ANOLIS CAROLINENSIS 


RUDOLF G. ARNDT 


Faculty of Natural Sciences and Mathematics, 
The Richard Stockton College of New Jersey, Pomona, NJ 08240, USA 


ABSTRACT: At least 7 species of woodpeckers have been recorded to feed on lizards. This observation of a 
red-bellied woodpecker feeding on a green anole is the first reported record for this species. This lizard might 
be a more common food item for this bird than is realized. 


THE red-bellied woodpecker, Melanerpes carolinus, of the eastern United States 
usually feeds on fruits, seeds, and arthropods (Beal, 1911; Short, 1982), although it has been 
reported to prey on vertebrates which included the nestlings of at least 4 species of passerine 
birds and the eggs of another passerine (see review in Neill and Harper, 1990), a minnow 
(Nero, 1959), and tree frogs and lizards (Beal, 1911; Short, 1982). No detail is available for 
its feeding on non-bird vertebrate prey, including the identity of the prey species. 


MetHops AnD MatTeERIALS—Observations were made with binoculars between ca. 1450-1700 hours 
(daylight savings time) on 10 May 1994 in sunny and calm weather in a residential area of Conway, Horry 
County, South Carolina. Distances given are straight-line measurements; heights are estimates. The common 
and scientific names of birds herein, and their distributions, follow Short (1982). 


OBSERVATIONS— While photographing fishes, several students and I were attracted to 
a scuffling noise on the trunk of a nearby mature sweet gum tree, Liquidambar styraciflua, 
and we turned to see an adult male red-bellied woodpecker capture a large male green 
anole, Anolis carolinensis. The bird held the reptile against the tree trunk with its feet, 
then hammered it with its beak, and raised the limp lizard in its beak for a few seconds. 
The hammering and lifting were quickly repeated several times. The bird then flew with 
the lizard in its beak to a loblolly pine, Pinus taeda, 42 m distant where it stuffed the prey 
into a crevice on the upper edge of a dead branch stub ca. 12 m above the ground. It then 
hammered the lizard several times with its beak, tugged strongly at the anchored carcass 
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with its beak, and repeated the hammering and tugging about 4 times. These behaviors 
were interrupted by occasional inactivity and by the bird about 3 times raising the lizard 
in its beak. After ca. 10 minutes on this tree, it flew to a stub on another loblolly pine 53 
m away and at ca. 15 m above the ground. Again the woodpecker 
anchored the lizard in a crevice and repeated the actions as on the previous stub, but not 
including the lifting of the lizard, for ca. 9 minutes. The bird then flew off, returned 
within ca. 4 minutes, hammered and tugged again at the prey, and flew off again in the 
same direction and at the same height as previously. The woodpecker repeated these 
behaviors ca. 6 times. This suggested to me that the bird was now taking bits of macer- 
ated lizard to a nearby mate or nestling, but trees and houses blocked the view of the 
distant portion of the flight. 

The food anchoring and hammering behaviors noted are as those described by Short 
(1982) for the western North American Lewis’ woodpecker, Melanerpes lewis, and for 
several other woodpeckers. These species take a hard food item such as a nut to a nearby 
perch with a horizontal surface and a notch which apparently helps to hold the food. 
They then deliver heavy blows in a short series down on the food, held as on an “anvil,” 
until the shell is broken. 

When the male did not return to the stub as before, I investigated the area where the 
bird disappeared from view and located a male red-bellied woodpecker with a large mass 
of unidentified food in the beak next to a hole on the side of a dead tree-top stub of a 
willow oak, Quercus phellos, at ca. 12 m above the ground and 55 m from the previ- 
ously-mentioned pine tree. The stub location agreed with the flight path of the male that 
flew from the loblolly pine, and all flight segments described from the initial attack and 
on were in the general direction of this stub; I am quite certain that it was the same male. 
The male remained quiet for about 8 minutes, and I speculated that he was waiting for a 
mate satiated from previous feedings of lizard to accept a next meal. Although I inter- 
rupted observations momentarily several times over the next 40 minutes, I did note an 
adult female M. carolinus yawning inside the hole; an adult male flying to, entering, and 
departing from the hole; as well as a female leaving the hole. However, I could not 
determine if the male actually fed a mate or nestlings. 


Discussion—Saurophagy, but with no detail except that the diet included lizard(s) 
or bits of lizard, has been reported for the southwestern North American Gila wood- 
pecker, Melanerpes uropygialis (Beal, 1911; Phillips et al., 1964), and the central and 
southern African bearded woodpecker, Dendropicos namaquus (Short, 1982). Wetmore 
(1916) reported that remains of small Anolis lizards were found in 5 stomachs of the 
Puerto Rican woodpecker, Melanerpes portoricensis. Phillips (1953) reported that the 
southern Asian lesser flame-backed woodpecker, Dinopium benghalense, takes almost 
any geckos that it discovers on or under tree bark. Cruz (1977) noted that 9% of the total 
foraging behavior of the Jamaican woodpecker, Melanerpes radiolatus, consisted of glean- 
ing for animal prey along tree limb and trunk surfaces, and that an unidentified portion of 
food thus obtained consisted of Anolis lizards. Cruz and Johnston (1984) reported that 
stomach contents of the West Indian great red-bellied woodpecker, Melanerpes 
superciliaris, by % occurrence and by % volume, were 14.3% and 4.2%, respectively, of 
reptiles, and that geckos made up 7.1% and 4.2%, respectively, of the total food. The 
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south-central Asian white-winged woodpecker, Picoides leucopterus, is shown 1n a film 
(Anonymous, 1992) to feed its young on intact small lizards. 

Most of the other ca. 200 species of woodpeckers worldwide occur in the tropics 
and subtropics (Short, 1982), and small lizards there would often be abundant. The typi- 
cal woodpecker behaviors of searching for food in and around tree crevices, under loose 
wood, and on the ground, are also behaviors that would readily reveal lizards. Such prey 
could be easily dispatched by the powerful beak, and macerated if necessary. I suspect 
that many other woodpeckers feed on lizards at least occasionally. Many species of pas- 
serine birds similar in size to the red-bellied woodpecker are known to prey to some 
extent on lizards (e.g., Wunderle, 1981; McLaughlin and Roughgarden, 1989). 


ConcLusion—The alacrity and efficiency with which the observed woodpecker at- 
tacked, dispatched, and macerated an adult green anole suggests to me that this indi- 
vidual bird had done so previously, and that the red-bellied woodpecker could be a com- 
mon predator on this lizard. This would be especially true in high-quality Anolis habitat 
as at the observation site, and particularly in the spring when there is a high demand for 
quantities of nutritious food by reproducing birds. This also coincides with the time of 
the year of maximum activity by Anolis, which makes them conspicuous then, and when 
the lizards are less hidden by thinner vegetation than in later months. 


ACKNOWLEDGMENTS—I thank G. M. Tilger who helped to obtain references, and two reviewers for their 
helpful comments during manuscript review. 
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SALMONELLA HARTFORD INFECTION IN A FLORIDA BLACK BEAR 
(URSUS AMERICANUS FLORIDANUS). 


Mike R. Dunsar,” JoHN B. Woopinc,” AND LEE ANN THomas” 


Florida Game and Fresh Water Fish Commission, Wildlife Research Laboratory™, 4005 South Main Street, 
Gainesville, FL 32601 and National Veterinary Services Laboratories, Animal and Plant Health Inspection 
Service”, United States Department of Agriculture, 1800 Dayton Road, Ames, IA 50010. 


AsstTract: Salmonella hartford was isolated from the lung and liver of a Florida black bear (Ursus americanus 
floridanus) found dead on November 14, 1993, in northern Florida. This is the first known report of the isola- 
tion of Salmonella sp. in a wild black bear from organs other than intestines. Abnormal lung and liver tissue 
with lesions resembling those found in other species with salmonellosis and the isolation of Salmonella hartford 
from these tissues support a presumptive diagnosis of salmonellosis. Salmonellosis is a potential zoonotic 
disease, and care should be taken when handling black bears. 


SALMONELLA spp. are pathogens that infect a wide variety of reptiles, birds, and mam- 
mals, including humans (Greene, 1984). In Florida, various species and serotypes of 
Salmonella have been detected in the intestines of raccoons (Procyon lotor), armadillos 
(Dasypus novemcinctus), white-tailed deer (Odocoilus virginianus), feral hogs (Sus 
scrofa), tiver otters (Lutra canadensis), Florida panthers (Felis concolor coryi), opos- 
sums (Didelphis virginiana), gray fox (Urocyon cinereoargenteus), and bobcats (Felis 
rufus) (Forrester, 1992). Forrester (1992) also reported that one of nine Florida black 
bears (Ursus americanus floridanus) examined for enteric bacteria was positive for S. 
litchfield. Goatcher et al. (1987) cultured rectal swabs from 17 black bears from Alberta, 
Canada, and found no Salmonella spp. Although Salmonella spp. occur primarily as 
intestinal pathogens, they can cause systemic disease and have been isolated from other 
organs and blood (Greene, 1984). 

On November 14, 1993, a Florida black bear was found in Hamilton County, Florida, 
dead from a gunshot wound to the head. The bear, a 50 kg female, was severely emaci- 
ated. A necropsy was performed within approximately 24 hours after death. 

At necropsy, miliary, pin-point, yellow-white foci were found diffusely scattered 
over the surface of the liver. The right lung was firm and discolored green with patchy 
areas of tan. A serosanguineous fluid exuded from the cut surface. The left lung appeared 
normal. Approximately 60 ml of straw-colored fluid were found in the pericardial sac. 
The stomach and small intestines contained recently eaten food. Feces found in the large 
colon appeared to have normal color and consistency. 

Samples of liver, spleen, kidney, right lung, and diaphragm were fixed in 10% 
neutral buffered formalin and sent to the Veterinary Medical Teaching Hospital, College 
of Veterinary Medicine, University of Florida, Gainesville, for histological evaluation. 
These tissues were subsequently embedded in paraffin, sectioned at 5 um and stained 
with hematoxylin and eosin. All tissues, except the kidney, were too autolyzed for histo- 
logical analysis. The kidney had multifocal, mild to moderate accumulations of lympho- 
cytes, plasma cells, and macrophages within the interstitium, but these histological changes 
were considered to be of minimal significance. 
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Chilled samples of lung and liver were sent to the National Veterinary Services 
Laboratories, Ames, Iowa, for bacterial isolation. Lung and liver samples were seared to 
eliminate possible external bacterial contamination, enriched in cooked meat medium 
(Difco Laboratories, Incorporated, Detroit, Michigan), then selectively enriched in 
tetrathionate broth (BBL Microbiology Systems, Becton Dickinson and Co., Cockeysville, 
Maryland). Samples were then cultured on MacConkey’s Agar (BBL Microbiology 
Systems, Becton Dickinson and Co., Cockeysville, Maryland) and Brilliant Green Agar 
(Difco Laboratories, Incorporated, Detroit, Michigan) with added novobiocin (15 ug/ 
ml) (Sigma Chemical Co., St. Louis, Missouri). Culture plates were incubated at 37 C 
and examined for bacterial growth at 18 to 24 hr and 24 to 48 hr incubation. All bacterial 
colony types were screened to identify Salmonella spp. Salmonella hartford was isolated 
from both lung and liver samples. This is the first known report of the isolation of Salmo- 
nella spp. from organs other than intestines from a wild black bear. 

Salmonella hartford has been isolated from several species of domestic animals in 
the United States, including cattle, horses, swine, chickens, and turkeys, but rarely from 
wild animals (L. A. Thomas, unpubl.). Salmonella hartford also has been isolated from 
enteric sources of armadillos (Forrester, 1992) and raccoons (Bigler et al., 1974) from 
Florida. Because armadillos are the most common vertebrate in Florida black bear diets 
(Maehr and Brady, 1984), Salmonella spp. infection in this bear may have been due to 
ingestion of an infected armadillo. 

We suspect an ante-mortum Salmonella spp. infection because S. hartford was 
isolated from organ tissues other than intestines, and gross lesions in the lung and liver 
were consistent with an ante-mortum bacterial infection, with lesions resembling those 
found in other species with salmonellosis. Chronic salmonellosis has been reported in 
some domestic animals (Greene, 1984) and white-tailed deer (Robinson et al., 1970). 
Gross lesions in those animals included edematous or consolidated lungs and multifocal 
necrotizing hepatitis (Greene, 1984), resembling those found in this bear. 

The relationship of the isolation of S. hartford from the lungs and liver of a Florida 
black bear to the health of the bear population is not known. And, no evidence has been 
found to suggest that salmonellosis is a problem in Florida black bear populations. How- 
ever, further studies are recommended because some animals could: (1) die as a result of 
acute salmonellosis, (2) become carriers of and transmit the disease to other bears, or (3) 
exhibit reproductive failures (Greene, 1984). Also, salmonellosis is a potential zoonotic 
disease and should be considered by persons handling black bears. 
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Cont. Promp 312 


LOCATE (7) 
PRINT TAB(20); “Enter the mg/L of,”; inform(i).ion 
PRINT TAB(20); : INPUT inform().value 
CLS 
IF (inform(i).value <= 0) OR (inform(i).value >= 5000) THEN 
CALL mistake 
checkit= 2 
ELSE 
inform(1).ppm = inform(i).value 
checkit = 1 
END IF 
LOOP UNTIL checkit = 1 
ELSE 
inform(i).value = radius 
END IF 
IF ax = 0 THEN 
inform(1).plotangle = ax 
PES 
inform(1).plotangle = ax 
END IF 
ax = ax + 22.5 ‘Increments the angle.’ 
NEXT 
END SUB 


SUB sumitup (inform() AS newelement, sum AS SINGLE) 
DIM yy AS DOUBLE ‘This SUB sums the Equivalent Weights.’ 
sum = 0 
FOR 1= 1 TOW6 
yy =1MOD 2 
IF yy = 0 THEN 
sum = sum + inform(1).value 
END IF 
NEXT 
END SUB 
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PER CAPITA RATES OF INCREASE IN THREE SPECIES OF 
SIMOCEPHALUS FROM FLORIDA 


NATALIA ARANGO AND CARMINE A. LANCIANI 


Department of Zoology,University of Florida, Gainesville, FL 32611. 


Apsstract: Three species of the the cladoceran genus Simocephalus from Florida were reared on a nonliv- 
ing nutritive medium, and their per capita rates of increase, r, were determined. The per capita rates found 
(0.668 in S. exspinosus, 0.65/ in S. serrulatus, and 0.622 in S. vetulus) are similar to those recorded for 
cladocerans in general or Simocephalus species in particular reared on a diet of algae, suggesting that this 
nutritive medium is adequate for culturing cladocerans. 


THE per capita rate of increase, r, is an important synoptic life-history parameter, 
occupying a central role in ecological, behavioral, and evolutionary studies. Despite its 
importance, r has been estimated in relatively few species because of the difficulty in 
measuring the components of r, 1. e., survival rate, reproductive rate, and reproductive 
timing. Even in zooplankton, which are more amenable to life-history study than are 
most organisms, few measures of r have been reported (Allan and Goulden, 1980). Part 
of the problem with measuring r of most organisms, even zooplankton, is the difficulty 
in providing adequate nutrition to rear cohorts. Culturing species of herbivorous zoop- 
lankton usually involves first culturing their food, one or more species of algae. Because 
the conditions under which algae themselves are reared affect their r values, which in 
turn affect r determinants of the zooplankton species feeding on them (Kigrboe, 1989; 
Sterner, 1993), a consistent measure of a zooplankter’s r can be elusive. 

To help solve this problem, we tried a simple method of rearing individuals of the 
freshwater crustacean genus Simocephalus (Cladocera) on a nonliving medium com- 
posed of commercial products: fish food (TetraMin Baby Fish Food “E” for Egglayers) 
and dehydrated cereal-grass-leaf powder (Cerophyl). In this report, we present r esti- 
mates of three Simocephalus species (S. exspinosus, S. serrulatus, and S. vetulus) sampled 
in Gainesville, Florida, U. S. A., and reared on this medium. 

Adults of S. exspinosus were collected from a temporary pond on February 26, 1994; 
those of S. serrulatus were collected from Lake Alice on March 8, 1994; and those of 
S. vetulus were collected from a small permanent pond also on March 8, 1994. Collected 
adults were held individually in 100 ml of filtered creek water placed in plastic cups kept 
in a constant-environment chamber set at 28° C and a 12:12 light: dark period. Each day 
the rearing cups were rinsed and fresh water was added together with 0.5 ml of food 
mixture; we found in preliminary rearings that this amount of food was optimal for 
growth, survival, and reproduction of Simocephalus species. The food mixture was pre- 
pared by adding 0.5 g of Tetramin and 0.5 g of Cerophyl to 100 ml of water. The mixture 
was shaken, passed through a 62 um sieve to remove larger particles, and refrigerated 
until needed. Members of the second clutch produced in captivity (daughters of field- 
collected animals) were isolated as above and kept until they produced their second 
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clutch (granddaughters of field-collected animals). Then, ten granddaughters selected 
from a single clutch of each species were used to establish life tables from which r 
values were estimated. Because of the parthenogenetic reproduction of Simocephalus, 
all 10 individuals studied within each species were genetically identical. 

As the rearing medium was changed each day, the subject organism’s survival and 
reproduction were observed, giving the /x (probability of a newborn surviving to age x) 
and my, (average number of offspring produced per adult of age x) data required for r 
estimation through trial and error substitution for r in the Euler-Lotka equation 

1 = Y1ymye™. 

Variance in r of the three species was estimated with the jackknife method (Tukey, 
1958) following the procedure outlined in Krebs (1989). Knowing this variance allowed 
us to estimate confidence intervals and test significance between r values with the Tukey 
method of multiple comparisons (Meyer et al., 1986) 3 


TABLE 1. Cohort estimates of 7, jackknife estimates of 7, and 95% confidence intervals of each jackknife 
estimate of r in three species of Simocephalus reared at 28° C. 


Species Cohort r Jackknife estimate of r 


S. exspinosus 0.668 0.668 
(0.665 - 0.670) 


S. serrulatus 0.651 0.651 
(0.650 - 0.653) 


S. vetulus 0.622 0.622 
(0.620 - 0.623) 


The r estimates, from 0.622 to 0.668, reflect the high reproductive and survival rates 
generated by this artificial growth medium (Table 1). Although S. exspinosus and S. 
serrulatus did not significantly differ in r, each differed in r from S. vetulus (P < 0.05). 

Allan (1976) and Allan and Goulden (1980) provided summary plots of r as a func- 
tion of temperature in various species of zooplankton, most of which were reared on 
algae. Reading from the Allan and Goulden plot yielded a cladoceran estimate at 28° C 
of approximately 0.60. Allan and Goulden also plotted a single point for S. serrulatus 
estimated by Hall and co-workers (1970), who used as food a mixed algal supply of 
Scenedesmus, Ankistrodesmus, and Chlorella. Running a line parallel to the cladoceran 
line but passing through the S. serrulatus point yielded an estimate of 0.67 at 28° C. In 
addition, White (1981), working with a diet of the green alga Stichococcus bacillaris, 
reared three species of Simocephalus from adults collected in Gainesville, Florida habi- 
tats and found the following mean r values at 27° C: 0.623 (S. exspinosus); 0.632 (S. 
serrulatus); and 0.623 (S. vetulus). Thus, our estimates of Simocephalus r values are 
very similar to or higher than values from previous cladoceran studies in which the 
experimental animals were reared mostly on algae. The food used in the present study 
therefore seems a suitable nutritive medium for culturing cladocerans, facilitating the 
measurement of important life-history parameters such as the per capita rate of increase. 
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AN ANALYSIS OF THE VEGETATION AT TURTLE MOUND, VOLUSIA 
COUNTY, FLORIDA: TWENTY YEARS LATER 


ELIANE M. NORMAN AND SUSAN S. HAWLEY 


Department of Biology, Stetson University, DeLand, Florida 32720 


Asstract: Turtle Mound, located 13 km south of New Smyrna Beach, Volusia County, Florida, is a shell 
midden built by the Timucua Indians. Its vegetation and soil were studied in 1971-73 and again twenty years 
later. Recent severe freezes have led to the disappearance of several tropical species that were at or near their 
northern limit. These include the following taxa: Cereus gracilis var. simpsonii; Exothea paniculata; Sideroxylon 
foetidissimum, Ocotea coriacea and Schoepfia chrysophylloides. However, frequency of more temperate woody 
plants has increased along with several vines, (Cissus trifoliata, Cynanchum scoparium, Parthenocissus 
quinquefolia, and Ipomea indica). 


Fast central Florida is a region where the temperate and subtropical biota overlap. 
Low temperatures, and to a lesser extent, edaphic conditions, restrict the movement of 
tropical plants northward. It has long been noted (Harper, 1921; Small, 1927) that shell 
mounds tend to be richer in tropical plant taxa than surrounding areas. 

Turtle Mound, one of the largest Indian mounds remaining on the east coast of Florida, 
is situated 13 km south of New Smyrna Beach, along Mosquito Lagoon, at the northern 
end of Canaveral National Seashore. This area is indicated by Greller (1980) as the northern 
limit of the subzone of temperate broadleaf evergreen forest and tropical forest. The 
Mound is approx. 12 m high and 0.5 ha in size. Its early history is reviewed in Norman 
(1976). Twenty years ago, a vegetational study revealed that approx. 30% of the vascular 
flora growing there was of tropical origin (Norman, 1976). Several of the tropical taxa 
had their northern limit on the Mound. Since that time, a series of severe freezes has 
occurred in central Florida. The main purpose of this new study is to determine what 
changes in vegetation have occurred on the Mound since the first detailed study was 
made. Have some species vanished and new ones appeared? Have some become more 
frequent? Have others become rarer? 


MATERIALS AND METHODs — Abiotic factors. - Twelve soil samples were collected from the Mound and 
neighboring areas in an attempt to replicate locations from which soil was sampled 20 years ago. Soil analysis 
was done as before (Norman, 1976) at the Soil Laboratory of the University of Florida. The methodology for 
soil analysis has changed. Twenty years ago, the ions were extracted with ammonium acetate, while in 1993 
Mehlich-1 extract was used. We report the data obtained by this method although realistic comparison cannot 
be made with past data (Kidder, 1994). 

Data on below-freezing temperatures were obtained from 1973 - 1993 from the Daytona Beach Weather 
Station. Mean minimum temperatures were computed and compared with those obtained for a period of 55 
years, 1920-1926, 1935-1973 (Norman, 1976). 

To compare data on soil temperatures on and off the mound, as before (Norman, 1976), two maximum - 
minimum thermometers were buried approximately 10 cm below the soil surface. One was buried near the top 
of the Mound in almost pure shells. The second was placed off the Mound under live oak trees. 

VEGETATION—Plant collections were made during 1992-1993 (with permission of John Stiner, Resource 
Manager, Canaveral National Seashore). In addition, 24 transect lines at 15° intervals were erected, beginning 
at the base of a large Celtis laevigata se of T junction of boardwalk at top of Mound. This tree was selected 
because it was adjacent to the large Citrus aurantium, which had been used as base twenty years ago, but had 
died and was removed. The plants within 0.5 m of either side of the line were counted. Seedlings of woody 
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plants were not included if less than | m high. An estimate of herbs and vines was obtained. The vine density 
was especially difficult to ascertain. These plants often grow very thickly and it is almost impossible to deter- 
mine where each is anchored to the ground. 


TABLE |. Soil analysis from Turtle Mound and vicinity. 1993. 


Concentration, ppm. 


Samples pH Ca Mg Pe K 
Dunes, surface 8.1 6055 66 21 8 
Dunes, profile 6"-19" 8.4 6099 64 15 13 
Dunes, profile 19"-4' 6.8 6154 50 14 12 
Oaks, e. of Mound, surface 8.5 6356 58 193 18 
Oaks, e. of Mound, 6"-4' 8.4 6487 47 260 14 
E. base of Mound surface - 5326 822 aD 158 
E. base of Mound 8" ell 559 691 281 101 
E. base of Mound 12" 8.1 5983 431 499 ay 
Top of Mound, surface 8.1 6351 428 1117 114 
Top of Mound 8" - 12" 8.2 6461 423 1231 107 


TABLE 2. Minimum-maximum soil temperature on or near Turtle Mound 


Dates Top of Mound Off Mound 
E (e. a C 

4-24-92 64-98 18-37 64-92 18-33 
5-23-92 63-97 17-36 63-90 17-32 
6-12-92 60-98 16-37 60-82 16-28 
6-19-92 74-96 23-36 74-84 23-29 
6-24-92 64-94 18-34 63-91 17-33 
7-08-92 73-106 23-41 75-91 24-33 
8-15-92 73-93 23-37 74-88 23-30 
9-22-92 73-98 23-37 75-94 24-34 
10-26-92 75-87 24-31 70-82 21-28 
11-30-92 62-84 17-29 65-78 18-25 
12-21-92 59-74 15-23 54-69 12-21 
1-31-93 60-75 16-24 54-74 12-23 
2-17-93 46-71 8-22 50-71 10-22 
3-15-93 45-81 7-27 44-73 7-23 
4-24-93 64-82 18-28 64-79 18-26 
5-31-93 57-99 14-37 58-80 14-27 


6-11-93 78-111 26-44 72-90 22-32 
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TABLE 3. Exterpated and new taxa at Turtle Mound 1973 - 1993 


EXTIRPATED 
Arenaria lanuginosa *Ocotea coriacea 
Boerhavia diffusa Rivina humilis 
*Cereus gracilis var. simpsonii *Schoepfia chrysophylloides 
Chamaesyce hirta *Mastichodendron foetidissimum 
Chenopodium album *Tillandsia fasciculata 
*Exothea paniculata *Tillandsia simulata 
Hymenocallis latifolia Urtica chamaedryoides 
*Tresine diffusa Vittaria lineata 

NEW 
Carya glabra 
*Conocarpus erecta Passiflora incarnata 
Hydrocotyle bonariensis Salicornia bigelowii 
Kosteletzkya virginica *Schinus terebinthifolius 
Lippia nodiflora Smilax auriculata 
Mikania cordifolia Spartina patens 
Oenothera laciniata Suaeda linearis 

Zamia pumila 

* = tropical 


ResuLts—A biotic factors. - The results of the soil analysis are given in Table 1. Data 
on % organic matter and nitrogen were not available. The soils on the Mound and in 
nearby dunes are moderately alkaline with a large amount of calcium. 

The mean annual minimum air temperature at Daytona Beach airport in 1973-1993 
was 26.2° F (-3.2° C) with four days below 20° F (-7° C) (Fig. 1). In 1983, there was a 
period of 48 hrs when the temperature was below freezing. The available data for a 55 
year period before the present study indicate that the mean annual minimum temperature 
was 1° C higher at that time. The temperature fell below -7° C only twice during the 55- 
year period (Norman, 1976). 

Table 2 shows the minimum-maximum soil temperatures over a period of 15 months. 
The range of soil temperatures on the Mound tend to be larger than in nearby sand. 

Vegetation—As expected, the vegetation at Turtle Mound is a mixture of floristic 
elements characteristic of several plant communities as follows: 23% from tropical ham- 
mocks, 24% from temperate hammocks, 34% from salt marshes and dunes, 15% ruder- 
als, and 4% from mangrove. In 1993 we found 106 species in 55 families, a slight 
decrease in diversity from 1973 as shown in the Annotated List of Species. 

Most of the extirpated taxa (Table 3) are members of the tropical hammock commu- 
nity. The woody representatives from the extirpated species were all at their northern 
limit at Turtle Mound twenty years ago. They were only known from one specimen each, 
except for Exothea paniculata which was then frequent. At that time all these species 
were reproductive except for Mastichodendron and Ocotea. 

The new species (Table 3) are mostly temperate hammock species and inhabitants 
of salt marshes. The only new tropical taxa are Conocarpus erecta (buttonwood), and the 
exotic, Schinus terebinthifolius, (Brazilian pepper). 

The transect studies (Table 4) showed that all the tropical trees and shrubs that were 
common in 1973 diminished in frequency and in number of transects in which they are 
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TABLE 4. Comparison of plant and transect frequencies in 1973 and 1993. 


1973 1993 
N. Plants N. Transects N. Plants N. Transects 
TREES AND SHRUBS 
Amyris elemifera 105 19 18 8 
Ardisia escallonoides 64 12 63 16 
Celtis laevigata 95 23 173 24 
Chiococca alba 46 13 1 7 
Eugenia axillaris 175 24 75 ep 
Forestieria segregata 49 21 38 18 
Ilex vomitoria N.A. 40 8 
Myrcianthes fragrans 2 19 203 24 
Opuntia stricta 34 7 18 10 
Persea borbonia 34 10 46 9 
Rapanea punctata 22 i] 8 4 
Xanthoxylum fagara 90 8) Df, 12 
Yucca aloifolia 1 20 y) 1 
VINES 
Cissus trifoliata 35 18 WAT 23 
Cyanchum scoparium Di, 14 64 17 
Ipomoea indica N.A. Ti 23 
Parthenocissus quinquefolia 69 18 95 24 
Passiflora suberosa 45 20 6 5 
Plumbago scandens 44 20 ail 22 
Sageretia minutiflora 46 14 58 14 
HERBS 
Bidens alba 15) df 15 10 
Galium hispidulum 20 6 13 3 
Malvastrum coromandelianum 28 13 11 7 
Mentzelia floridana N.A. 110 I 
Oplismenus setarius 50 4 3) 3 
Parietaria praetermissa 290 23 54 12 
Pavonia spiniflex N.A. 26 1 
Phyodina cordifolia 50 4 3) 3 


TABLE 5. Frequency analysis of number of plants and number of transects in 1993 compared to 1973. 


Frequency analysis Trees/Shrubs Vines Herbs Cramer’s V P 

N. of plants 
increase 4 6 D 492 0.0382* 
decrease 9 1 5 


N. of transects 
increase 4 5 3 422 0.09 
decrease 9 irae 5 


DF =2 * =p =< 0.05 
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MINIMUM TEMPERATURE ( °C) 


1973 1978 1983 1988 1993 
YEAR 


Fic. 1. Annual minimum temperatures at Daytona Beach, 1973-1993. 
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Fic. 2. Percent change in abundance of shrub and tree species at Turtle Mound correlated with their 
northern distributional limit. Abbreviations refer to generic names. 
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found with the exception of Myrcianthes fragrans, (nakedwood). The temperate trees, 
especially Celtis laevigata, increased in number of plants and transects. Yucca aloifolia, 
which was abundant at the base of the Mound in 1973 has declined dramatically. 

We did a contingency analysis comparing frequencies of the most common species 
in 1973 and 1993 and also frequencies in transect number of these taxa (Table 5). There 
was a significant difference in frequency of plants but not in transect number. Figure 2 
shows the correlation between percent change in abundance and present northern limit. 
A correlation analysis of these two variables was nearly significant (r=0.5327, 0.05 <p< 
0.10). 

The frequency of vines has increased for both temperate and tropical species except 
for Passiflora suberosa, (passionflower ) (Table 4). Three new vines have invaded the 
Mound Mikania cordifolia (climbing hempweed), Passiflora incarnata (maypop), and - 
Smilax auriculata (catbrier). The vine cover has become luxuriant, not only growing 
over shrubby vegetation, but often also over the canopy species including Celtis laevigata. 
The high climbers are Cissus trifoliata (possum grape), Parthenocissus quinquefolia 
(Virginia creeper), and Cynanchum scoparium (leafless Cynanchum). 

Among the herbs, Mentzelia floridana (poor man’s patches) and Pavonia spinifex 
(spur bur), have become more frequent, while creeping plants such as Oplismenus setarius 
(basketgrass), and Phyodina cordifolia have almost disappeared. The frequency of 
Parietaria praetermissa (pellitory), has declined by 81%. This may be due in part to the 
timing of our census because this species is only conspicuous from February to May. 

An attempt was made to locate present northern limits of extirpated tropical woody 
taxa. Ocotea coriacea (lancewood) is found at Castle Windy Midden, 8 km s of Turtle 
Mound. Schoepfia chrysophylloides (whitewood) survives in a hammock at Lori Wilson 
Park in Cocoa Beach. The plants there have many dead stems due to freeze damage 
(Taylor, 1994). Populations of Exothea paniculata (inkwood), Sideroxylon foetidissimum 
(mastic), and Cereus gracilis (night blooming Cereus), are known from s of Melbourne 
Beach, approx. 80 km south of Turtle Mound (Hames, 1994). 


Discussion—The maximum-minimum thermometers showed that the soil tempera- 
tures on the Mound were warmer than in nearby soils. This is what was found previously. 
In general, there is a greater range between the maximum and minimum temperatures 
for each reading on the Mound than off the Mound, as before. However, this time the 
minimum temperatures on the Mound tended to be higher than off the Mound. This may 
be due to the fact that the off mound readings were done under a heavy oak canopy and 
the soil was consistently moister there than on the Mound. Another factor may be the 
unusually warm air temperatures during the 92-93 season. 

Many ecologists predict a global warming of 1.5° - 5° C during the next fifty years 
due to increasing levels of CO, (Overpeck et al., 1991; Baskin, 1993; Roberts, 1989). It 
has been inferred that this will bring about a mass migration of plants northwards or to 
higher altitude. Scientists have already shown this phenomenon to be occurring in alpine 
plants (Grabherr et al., 1994). These models and observations contrast with the recent 
extreme minimum temperatures found throughout Florida (Chen and Gerber, 1985). The 
authors found a negative trend with an average slope of -0.02° C/yr, which equaled a 
drop in minimum temperature of 1.8° C for the last 88 years. Comparing the present 
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situation with the past they infer that Florida is going through a cold period. Successive 
extremes, and long periods of subfreezing temperatures, as we had in the 1980s, tend to 
have a cumulative effect on tropical and subtropical plants, both cultivated such as citrus, 
as well as native taxa (Chen and Gerber, 1990). 

Several papers chronicle the effects of cold temperatures on native vegetation in 
both Florida and Texas. Mangrove vegetation has received most attention. Provancha 
and co-workers (1986) report that at Merritt Island, black, white and red mangroves 
were affected by the 1983 and 1985 freezes with some individuals destroyed but mostly 
with death of leaves and branches. Myers (1986) indicated that Laguncularia and 
Conocarpus are the least freeze hardy, followed by Rhizophora and Avicennia. Surpris- 
ingly, Conocarpus recently colonized the Mound’s flora, probably in the last ten years. 
In Texas, only Avicennia is native (Sherrod and McMillan, 1981). McMillan and Sherrod 
(1986) showed that the Texan Gulf Coast populations of this species are more cold resis- 
tant than those of Louisiana and the w coast of Florida. Still the 1983 freeze brought 
about an 80-85% reduction in these populations. A study of the effects of freezes in the 
Everglades National Park (Olmsted et al., 1993) revealed that Rhizophora was the most 
affected of the mangrove species and Avicennia the least. As expected, at Turtle Mound 
black mangrove is by far the most abundant species, with only a few plants of the other 
three mangroves present. Sherrod and McMillan (1985) concluded on the basis of geo- 
logical evidence, that prior to the pleistocene era, mangrove populations reached as far 
north as South Carolina. This was followed by a great constriction during the pleistocene 
and recolonization northward from tropical regions since then. Even in the last two hun- 
dred years we can see this kind of expansion and contraction on a smaller scale. Andre” 
Michaux, a French botanist traveling and collecting plants in Florida in 1788 noted 
(Sargent, 1889) the red mangrove growing on Anastasia Island, adjacent to St. August- 
ine. Today Rhizophora extends only as far as the northern boundary of Volusia County, 
75 km to the south. 

Among other hardwood tropical plants that are found on the Mound and were af- 
fected by freezes at nearby Merritt Island in Brevard Co. are Ocotea, Rapanea, Ardisia 
and Psychotria (Provancha et al., 1986). In the lower Rio Grande Valley, Texas, freezes 
occurred at about the same period as in Florida (Lonard and Judd, 1991). The species 
showing the most damage, which also grow on Turtle Mound, were Chiococca alba and 
Erythrina herbacea. Zanthoxylum fagara was much less damaged. These data only 
correlate partially with our findings at Turtle Mound. Ocotea has vanished from the 
Mound, but Zanthoxylum, Rapanea and Chiococca have decreased by 64-74% while the 
frequency of Ardisia has remained stable (Table 4). Obviously, other factors besides 
freeze damage are involved in determining the frequency of a species near its northern 
limit. Some of these factors are: ability to resprout, rate of growth, reproductive poten- 
tial, and dispersal ability (Myers, 1986). Myrcianthes fragrans is the only tropical shrub 
or tree species that has increased in frequency since our last census. Johnson and Barbour 
(1990) point out the prominence of this species in the temperate-tropical transition zone. 
At the present time its northern limit is Green Mound, approx. 25 km n of Turtle Mound. 
Earlier (Curtiss, 1879) it was known to occur on shell islands at the mouth of the St. 
John’s River. 

The radical decrease (Table 4) in Yucca aloifolia at Turtle Mound is not due to freez- 
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ing temperatures as this species ranges north to North Carolina. The most likely explana- 
tion is the increase in shading due to dense growth of vines. Vines are opportunistic 
plants that thrive in disturbed areas and at the margins of forests (Putz, 1984). Freezes 
caused considerable dying back of vegetation. The building of a boardwalk through the 
Mound and continued removal of encroaching vegetation have undoubtedly stimulated 
the growth of vines. Many of the vines have rhizomes or tubers which can survive under- 
ground and sprout readily after a cold period. 

Future vegetation surveys of Turtle Mound should prove enlightening in view of its 
strategic location and interesting microcosm of plant communities. 
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ANNOTATED LIST OF PLANTS OF TURTLE Mounpb, VoLusiA Co. 


Plant collections were made during 1992-1993. The specimens are deposited in the 
herbarium of Stetson University (DLF). Nomenclature generally follows Wunderlin (1982). 


AGAVACEAE 
Yucca aloifolia L. Spanish dagger. Occasional 


AIZOACEAE 
Sesuvium portulacastrum L. seaside purslane. Occasional near base. 


ANACARDIACEAE 
Rhus copallina L. winged sumac. Frequent at base. 
Schinus terebinthifolius Raddi. Brazilian pepper. Occasional at base. 


APIACEAE 
Hydrocotyle bonariensis Lam. water pennywort. Occasional on riverside. 


AQUIFOLIACEAE 
Ilex vomitoria Ait. yaupon. Frequent at base. 


ARECACEAE (PALMAE) 
Sabal palmetto (Walt.)Lodd. ex Schultes & Schultes f. cabbage palm. Frequent at base. 
Serenoa repens (Bartr.)Small. saw palmetto. Frequent at base. 


ASCLEPIADACEAE 
Cynanchum scoparium Nutt. leafless Cynanchum. Abundant. 


ASTERACEAE (COMPOSITAE) 
Ambrosia artemisiifolia L. common ragweed. Occasional on riverside and at base. 
Baccharis halimifolia L. groundsel tree. Occasional on riverside. 
Bidens alba L. Spanish needle. Frequent along trail. 
Borrichia frutescens (L.) D. C. sea oxeye. Frequent on riverside. 
Iva frutescens L. marsh elder. Occasional on riverside. 
Melanthera nivea (L.)Small. Occasional on riverside. 
Mikania cordifolila (L.f.)Willd. climbing hempweed. Occasional. 
Solidago sempervirens L. goldenrod. Occasional on riverside. 
Sonchus oleraceus L. sow-thistle. Occasional. 
Verbesina virginica. L. frostweed. Frequent along trail. 
Vernonia gigantea (Walt.)Trel. ironweed. Frequent along trail. 


AVICENNIACEAE 
Avicennia germinans (L.)L. black mangrove. Occasional on riverside. 


BRASSICACEAE (CRUCIFERAE) 
Lepidium virginicum L. peppergrass. Occasional along trail. 


BORAGINACEAE 
Heliotropum angiospermum Murr. dog’s tail. Occasional on riverside. 
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BROMELIACEAE 
Tillandsia usneoides (L.)L. Spanish moss. Rare on riverside. 
CACTACEAE 
Opuntia humifusa (Raf.)Raf. prickly pear cactus. Occasional. 
Opuntia stricta Haw. Indian fig. Abundant. 
CARICACEAE 
Carica papaya L. papaya. Rare. 
CHENOPODIACEAE 
Salicornia bigelowii Torr. glasswort. Occasional on riverside. 
Suaeda linearis (Ell.)Mogq. sea blite. Occasional on riverside. 
COMBRETACEAE 
Conocarpus erecta L. buttonwood. Occasional on riverside. 
Laguncularia racemosa (L.)Gaertn.f. white mangrove. Rare on riverside. 


COMMELINACEAE 
Commelina erecta L. dayflower. Occasional. 
Phyodina cordifolia (Sw.)Rohw. Rare. 


CONVOLVULACEAE 
Ipomea alba L. moonflower. Frequent. 
Ipomoea indica (Burm.f.)Merr. morning-glory. Abundant. 


CRASSULACEAE 
Kalanchoe pinnata (Lam.)Pers. life plant. Rare on northern base. 


CUCURBITACEAE 
Melothria pendula L. creeping cucumber. Occasional. 


CUPRESSACEAE 
Juniperus virginiana L. var. silicicola (Sm.)Bailey. southern red-cedar. Occasional on riverside. 
CYCADACEAE 
Zamia pumila L. coontie. Occasional. 
CYPERACEAE 
Cyperus odoratus L. Occasional on riverside. 
Cyperus strigosus L. Frequent on riverside. 
EUPHORBIACEAE 
Euphorbia cyathophora Murr. wild poinsettia. Occasional along trail. 
FABACEAE (LEGUMINOSAE) 
Canavalia maritima (Aubl.)Urb. seaside bean. Occasional at base. 
Erythrina herbacea L. coral bean. Occasional. 
Galactia regularis (L.)Britton et al. milk pea. Occasional on riverside. 
Vigna luteola (Jacq.)Benth. cow pea. Occasional on riverside. 
FAGACEAE 
Quercus hemisphaerica Bartr. ex Willd. laurel oak. Occasional at base of mound. 
Quercus virginiana Mill. live oak. Frequent at base of mound. 


JUGLANDACEAE 
Carya glabra (Mill.)Sweet. pignut hickory. Rare. 
LAMIACEAE (LABIATAE) 
Salvia coccinea Buchoz ex Etling. tropical sage. Occasional in open areas. 


LAURACEAE 
Persea borbonia (L.)Spreng. red bay. Abundant. 


LOASACEAE 
Mentzelia floridana Nutt. ex Torr & Gray. poor man’s patches. Frequent in open areas. 
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MALVACEAE 
Kosteletzkya virginica (L.)Presl. ex A. Gray. saltmarsh mallow. Rare on riverside. 
Malvastrum coromandelianum (L.)Garcke. false mallow. Abundant along trail. 
Pavonia spinifex (L.) Cav. spur bur. Frequent along trail. 


MYRICACEAE 
Myrica cerifera L. wax myrtle. Occasional base of mound. 


MYRSINACEAE 
Ardisia escallonioides Schlecht. & Cham. marlberry. Dominant. 
Rapanea punctata (Lam.)Lundell. Myrsine. Frequent. 
MYRTACEAE 
Eugenia axillaris (Sw.)Willd. white stopper. Dominant. 
Myrcianthes fragrans (Sw.)McVaugh. nakedwood. Dominant. 


OLEACEAE 
Forestiera segregata (Jacq.)Krug. & Urban. Florida privet. Abundant. 


ONOGRACEAE 
Oenothera laciniata Hill. cut-leaved evening primrose. Rare at base. 


OXALIDACEAE 
Oxalis stricta L. yellow wood sorrel. Rare along trail. 


PASSIFLORACEAE 
Passiflora incarnata L. maypop. Occasional at base. 
Passiflora suberosa L. corky-stemmed passionflower. Occasional. 


PHYTOLACCACEAE 
Phytolacca americana L. pokeweed. Rare. 


PLUMBAGINACEAE 
Plumbago scandens L. leadwort. Abundant. 


POACEAE (GRAMINEAE) 
Andropogon glomeratuscus var. glaucopsis (Ell.)Mohr. bushy bluestem. Occasional on riverside. 
Cenchrus echinatus L. sandspur. Rare. 
Distichlis spicata (L.)Greene. saltgrass. Occasional on riverside. 
Eustachys petraea (SW.)Desv. fingergrass. Occasional on riverside. 
Oplismenus setarius (Lam.)Roem.& Schult. Occasional in shade. 
Panicum fasciculatum Swartz. browntop Panicum. Rare on riverside. 
Setaria geniculata (Lam.)Beauv. knotroot bristlegrass. Occasional on riverside. 
Setaria macrosperma (Scribn. & Merr.)Schum. foxtail. 
Spartina patens (Ait.)Muhl. saltmeadow cordgrass. Occasional on riverside. 
Sporobolus virginicus (L.)Kunth. seashore dropseed. Occasional on riverside. 


POLY PODIACEAE 
Phlebodium aureum (L.)Small. golden polypody. Rare epiphyte on Persea. 


PORTULACACEAE 
Portulaca pilosa L. pink purslane. Occasional at base. 
Portulaca rubricaulis Kunth. yellow purslane. Rare on riverside. 


RHAMNACEAE 
Sageretia minutiflora (Michx.)Mohr. buckthorn. Abundant. 


RHIZOPHORACEAE 
Rhizophora mangle L. red mangrove. Rare on riverside. 


ROSACEAE 
Prunus caroliniana Att. laurel cherry. Occasional at base. 
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RUBIACEAE 

Chiococca alba (L.)Hitch. snowberry. Frequent. 

Psychotria nervosa Sw. wild coffee. Frequent. 

Galium hispidulum Michx. bedstraw. Occasional. 
RUTACEAE 

Amyris elemifera L. torchwood. Frequent. 

Citrus aurantium L. sour orange. Occasional. 

Xanthoxylum fagara (L.)Sarg. wild lime. Frequent. 

Xanthoxylum clava-herculis L. hercules club. Occasional near base. 
SAPOTACEAE 

Bumelia tenax (L.)Willd. tough buckthorn. Occasional near base. 


SMILACACEAE (LILIACEAE) 


Smilax auriculata Walt. catbrier. Frequent at base. 
Smilax laurifolia L. bamboo briar. Occasional at base. 


SOLANACEAE 
Capsicum frutescens L. Tabasco pepper. Rare. 
Lycium carolinianum Walt. christmas berry. Occasional on riverside. 
Physalis viscosa L. var. maritima (Curtis)Rydb.. ground cherry. Occasional at base. 


ULMACEAE 
Celtis laevigata Willd. hackberry. Dominant. 


URTICACEAE 
Parietaria praetermissa Hinton. pelitory. Frequent in shade. 


VERBENACEAE 
Callicarpa americana L. French mulberry. Occasional. 
Lantana camara L. shrub Verbena. Frequent at base. 
Lippia nodiflora (L.)Michx. carpetweed. Occasional on riverside. 
Glandularia maritima (Small)Small. seaside Verbena. Rare on riverside. 


VITACEAE 
Cissus trifoliata (L.)L. possum grape. Dominant. 
Parthenocissus quinquefolia (L.)Planchon. Virginia creeper. Dominant. 
Vitis rotundifolia Michx. muscadine grape. Occasional at base of mound. 
Vitis aestivalis Michx. summer grape. Occasional at base of mound. 
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ON ADJUSTING METABOLIC RATES FOR BODY SIZE 


GorRDON R. ULTSCH 


Department of Biological Sciences, University of Alabama, Tuscaloosa, AL 35487 


Asstract: The typical relationship between metabolic rate (VO ) and body weight is WO>= aW® . An 
argument is presented to illustrate that adjustments of observed metabolic rates by division by W? does not 
"correct" metabolic rates for body size. Instead, it adjusts metabolic rate to that of an organism of unit body 
weight, which is not normally the intent of such mathematical adjustments, and which can lead to misleading 
interpretations of data. A general equation is presented that will adjust metabolic rate to any desired weight 
(the mean weight of the sample series is recommended). 


CONSIDERABLE attention has been given to adjustments for body size of physiological 
data from experiments that used animals of dissimilar weights (see reviews of Packard 
and Boardman, 1987, 1988). Such adjustments are often necessary because many physi- 
ological functions scale allometrically with body size. 

Here I discuss a common method for making such adjustments, that.of adjusting 
("correcting") metabolic rate (here expressed as VO,) for variations in body size. In 
particular, I argue against the method of dividing VO, by W’, derived from the relation- 
ship VO, = aW? (W = weight; e.g., Cech, 1990; Feder, 1981; Gleeson, 1981; Innes and 
Wells, 1985) or the often more commonly reported weight-specific relationship VO,/W 
= aW?!. Division of VO, by W? (or its equivalent, division of VO,/W by W*') has been 
argued to be more informative than simply dividing VO, by W because it takes into 
account that D is almost universally < 1.0, and therefore makes the data more useful for 
comparative purposes. 

Why such an approach can be misleading can be illustrated with a hypothetical set 
of data (Table 1). Here I have chosen two species, A and B, where body weights of both 
ranged from 1 to 10 units. For heuristic purposes, I assume that both species have a VO; 
of 10 units at unit body weight (although this assumption is not a necessary one) and 
calculate the remaining data as a perfect fit to their respective allometric relationships. 
For species A, the relationship of VO, to body weight is assumed to be VO, = 10 W°®; for 
species B it is assumed to be VO,= 10 W°’. Weight-specific VO,'s (columns labeled 
VO,/W in Table 1) then decrease more rapidly for species B than for A (shown in the 
commonly used logarithmic form in Fig. 1). 

The problem arises in the interpretation of results from eirforent adjustments of the 
data. Whether one concludes that there is a difference in the VO,'s of the two species 
depends upon the body weight being considered. Clearly the organisms have the same 
metabolic rates, both whole-animal (Table 1, columns 2 and 6) and weight-specific (col- 
umns 3 and 7), only at W = 1.0 units (Table 1 and Fig. 1). However, if the whole-animal 
VO,'s are corrected by dividing VO, by W’, then one is adjusting all VO,'s to that ex- 
pected for an animal of unit body weight; therefore all VO,'s are "corrected" to 10.0 for 
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both species (columns 4 and 8 in Table |), and one would incorrectly conclude that there 
is no difference in VO, between the two species at any body weight. 


TaBLe |. Hypothetical metabolic rates of two organisms, A with VO, = 10 W°’ and B with VO, =O We 
Equations for adjusting weight-specific vO, to mean weight of 5.5 g: 0.8433 (VO, ops) mass °') for A; 
0.5996 (VO, ap) (mass °°) for B. Note that vO, ops Fefers to weight-specific VO, in this example. 


Weight vO, VO,/W  VO,/W®  VO,/W vo, VO,/W  VO./W7  VO,/W 


(A) (A) (A) (A) (B) (B) (B) (B) 
Adjusted Adjusted 
1 10.0 10.00 10.0 8.43 10.0 10.00 10.0 6.00 
2 18.7 935 10.0 8.45 16.2 8.10 10.0 5.98 
3 26.9 8.97 10.0 8.44 FMS) 7220 10.0 6.00 
- 34.8 8.70 10.0 8.43 26.4 6.60 10.0 6.00 
5 42.6 8.52 10.0 8.44 30.9 6.18 10.0 6.01 
6 50.2 8.37 10.0 8.44 Spl 5.85 10.0 6.00 
7 57.6 8.23 10.0 8.43 39.0 J.) 10.0 DL 
8 65.0 Sal2 10.0 8.43 42.9 5.36 10.0 6.00 
9 (PF 8.02 10.0 8.43 46.6 Soll?s) 10.0 6.00 
10 79.4 — 7.94 10.0 8.43 50.1 5.01 10.0 09 
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Fic. 1. Weight-specific metabolic rates as a function of body weight of two hypothetical organisms, 
both ranging in body weight from | to 10 units witha mean body weight of 5.5 units. See Table 1 for 
details of data. 
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In fact, the only size at which the species have the same VO, is at unit body weight. 
I argue that the appropriate correction is to use b (m on Fig. 1, where VO, is given per 
unit body weight, VO,/W, as commonly occurs) by using it to adjust VO, data to the 
mean weight of animals used (the geometric mean may be preferable if a large weight 
range is involved). A general equation for doing so (in this example using VO, expressed 
on a weight-specific basis, VO,/W, as is the usual case) can be derived from the logarith- 
mic form of VO,/W = aW*" as: 


VO, (adjusted) = (mean weight)! (observed weight)!” (observed VO,). (1) 


For both species in the example, the mean weight is 5.5 units, although identity of 
mean weights is not required. For species A the adjusted (or "corrected") VO,/W is 8.43 
for all animals, and for B it is 6.00, values that are obviously different, whereas adjust- 
ment by division of VO,/W by.W? would "correct" all VO,'s to 10.0 for both species, 
leading to the conclusion that the metabolic rates of the two species were not different. 

If one wants only to remove the influence of body weight from a particular set of 
data, then Eq. 1 is preferable because it permits one to calculate VO, at the mean value of 
the body weights of animals used, rather than forcing the data to unit body weight, which 
is usually far removed from mean body weight and is often not even included in the 
range of experimental body weights. If one additionally wants to compare sets of data, 
then this approach can also be used to adjust the VO,'s of each animal to an arbitrary 
common weight, rather than to the mean weight of each group. However, such compari- 
sons between groups should be limited to a weight that is within the range of overlap of 
weights used for all groups. If such an overlap in body weight does not exist, it is not 
advisable to extrapolate the adjustments of any of the data sets beyond the range of 
weights used for that set. 

If one wants to compare slopes and elevations of regression equations fitted to the 
data, as shown in Fig. 1, then one must use ANCOVA. In this discussion, however, I am 
restricting my arguments to adjustments of VO, that remove the effect of body weight 
within a data set. Thus weight-specific metabolic rates of animals larger than the mean 
weight of the sample are adjusted appropriately upward, while those of animals smaller 
than the mean weight are adjusted appropriately downward. Eq. (1) requires only the use 
of the math transform function found in virtually all personal computer programs de- 
signed for data manipulation. In any event, adjustments that use division of VO, by W° 
(or division of VO,/W by W*') should be avoided, as they are often irrelevant, and can 
lead to incorrect interpretations and comparisons of results. 
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OXIDATION OF PLATINUM(ID BISCETHYLENEDIAMINE) 
COMPLEXES WITH THE OXIDES OF NITROGEN, NO AND NO:;: 
A MODEL FOR SYNTHESIS OF PLATINUM(V) NITRO 
COMPOUNDS AS POTENTIAL ANTITUMOR AGENTS 


JULIA R. BURDGE”’, JOSEPH A. STANKO”™, anp JAY W. PALMER® 


Dept. of Chemistry", University of Akron, Akron, OH 44325-3601 
Department of Chemistry”, University of South Florida, Tampa, FL 33620 


ABSTRACT: Platinum compounds are of interest because of their antitumor activity. The best known example 
is Cisplatin, cis-diamminedichloroplatinum(II) (cis-Pt(NH,),Cl,), which is effective against a variety of human 
tumors. Two approaches have been taken to produce second generation platinum drugs of enhanced therapeu- 
tic effectiveness. One involves modification of the amine and/or the leaving group, while the other involves the 
preparation of platinum(IV) analogs. This work explores the oxidation of Pt(II) to Pt(IV) complexes by either 
the action of nitrogen dioxide gas (NO,) on aqueous solutions of the Pt(II) compound, or by nitric oxide gas 
(NO) on solutions of the Pt(II) complexes in nitric acid. Both approaches appear to produce nitrous acid as a 
reactive species. The bis(ethylenediamine) system, [Pt(en),]X,, was investigated and reported here. In this 
system, rapid oxidation occurs which produces blue intermediates, presumably containing a platinum nitrosyl 
bond. These species undergo further oxidation in air at slower rates, which are a function of counter ions, to 
produce pale yellow solutions from which four Pt(IV) nitro complexes, [Pt(en),NO,Cl](NO,),, 
[Pt(en),(NO,)ONO](NO,),, [Pt(en),NO,OH](NO,).,, and [Pt,en),(NO,),OH](NO,)., were isolated. 


IN recent years, an increasing number of people have developed cancer (Davis et al., 
1990). Much of this increase probably is the result of an older population, but also may 
be the result of a more polluted environment. This is especially true in Florida, which not 
only has a larger proportion of older people and increased pollution, but many 
sunworshipers, who have an increased risk of skin cancer. Because of the greater num- 
ber of cancer patients, there has been an increasing interest in new types of cancer drugs. 

: Cis-diamminedichloroplatinum(II) or "Cisplatin" was the first of a class of plati- 
num coordination compounds to be recognized for its antitumor activity (Rosenberg et 
al., 1969, Lippard, 1982). While Cisplatin is effective against a variety of human tumors, 
it has the drawbacks of toxicity and low solubility making its administration difficult. In 
addition, there are some strains of certain tumors which are Cisplatin-resistant (Burchenal 
et al., 1979). | 

Two approaches have been taken to modify the parent compound to produce new 
drugs of enhanced therapeutic indices. One approach involves modification of the amine 
and/or leaving groups on the platinum(II) center. A second approach requires the subse- 
quent oxidation of the platinum(II) complexes to platinum(IV) complexes which are 
often more soluble (Wilkinson et al., 1978). These platinum(IV) analogues are generally 
made by oxidation of the corresponding platinum(II) complexes with hydrogen perox- 
ide as in the case of bis(isopropylamine)-cis-dichlorotransdihydroxoplatinum(IV ) (Blatter 
et al., 1984) and tetrachloro(1,2-diaminocyclohexane) platinum(IV) (Schwartz et al., 
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1977), or with halogen as in the case of trans-dibromo-cis-dichloro(1,2- 
diaminocyclohexane) platinum(IV) (Schwartz et al., 1977). 

Hundreds of platinum compounds have been synthesized and tested for anti-cancer 
activity. Of these only a handful have shown comparable activity to the parent com- 
pound cisplatin and been accepted for clinical trials (Barnard, 1989) and even fewer 
have been licensed for use. Most of the compounds screened have met the accepted 
criteria for biological activity, i.e., they are neutral and consist of a pair of amine or 
ammine ligands and a cis pair of groups (chloro for example) of moderate leaving abil- 
ity. Among the successful second generation platinum drugs are a few platinum(IV) 
complexes such as Tetraplatin, a trans-dichloro, cis-dichloro-1,2-diamino- 
cyclohexaneplatinum(IV) complex and its trans-dihydroxo analog (Barnard, 1989). These 
are trans-dihalo or trans-dihydroxo complexes, depending on whether the oxidation was 
carried out with halogen or hydrogen peroxide, respectively. Because the mode of action 
of these platinum(IV) analogs is believed to be "in vivo" reduction to active platinum(II) 
species (Blatter et al., 1984), the ease of reduction may play a key role in the effective- 
ness of the platinum(IV) analog. Since the nature of the ligands can affect the ease of 
reduction, different modes of oxidation and hence incorporation of different ligands into 
the coordination sphere of platinum(IV) should be investigated. 

A second ramification for the preparation of platinum(IV) complexes is the recent 
study showing that it is beneficial for macrophages in the body to produce NO in amounts 
great enough to kill or stop the proliferation of tumor cells (Feldman, et al., 1993). "In 
vivo" reduction of platinum(IV) nitrite complexes may release NO in sufficient quanti- 
ties as well as provide Cisplatin type Pt(II) complexes for a double attack on tumor cells. 

Though previous investigators (Stetsenko et al., 1969) reported the formation and 
isolation of blue platinum(IV) nitrosyl complexes when [Pt(en),]* solutions were treated 
with a NO/NO, mixture, they did not identify the influence of counter ion in the stabili- 
zation of the nitrosyl species, nor did they isolate the nitro complexes formed by subse- 
quent oxidation in solution. The chemical equivalence of NO/HNO, and NO./H,O mix- 
tures can be demonstrated through the equlibria (Cotton and yilicniseret 1980): 


2NO,,,, + H,O,, ==> HNO, + HNO,,,. (fast) (1) 


2(g) 3(aq) 2(aq) 


3HNO,,,,. == 2NO,, + HNO,,,. + H,O,, (slow) (2) 


3(aq) 2 (0h) 


These equilibria are involved in the commercial production of nitric acid, where 
the net equilibrium (Eq. 3) is one that favors nitric acid formation (Chilton, 1968). 


INO LO > NO, + 2HNO,.,.. (3) 


The oxidation of platinum(I]) compounds by nitric acid has been studied by several 
investigators (Chernyaev, 1931; Chernyaev and Babaeva, 1936). It was reported that the 
oxidation yielded octahedral platinum(IV) complexes containing the trans NO,-Pt-NO, 
or NO,-Pt-Cl moiety when the original compound contained chloride. Others (Nazarova 
et al., 1965) reported the formation of the [Pt(en),(NO,)CI](NO,), and 
[Pt(en),(NO,),](NO,), complexes through a blue nitrosyl intermediate. 

A number of investigators (Adrianova et al., 1970; Adrianova and Gladkaya, 1972, 
Gladkaya et al., 1974; Adrianova et al., 1979) have studied the successive nitrosation of 
one of the two amino groups in each ethylenediamine ligand in trans-[Pt(en),Cl,]Cl, 


276 FLORIDA SCIENTIST [VOL 58 


complex by potassium nitrite or nitrogen oxides. This resulted in the formation of com- 
plexes containing the bidentate N-nitroethylenediamine ligand, (H,NC,H,NNO)), such 
as the slightly soluble, yellow [Pten(N(NO)C,H,NH,)(NO,)CI|CI- H,O and the spar- 
ingly soluble, bright yellow [Pt(N((NO)C,H,NH,),(NO,)Cl]. By replacing an 
ethylenediamine ligand with a bipyridyl ligand (Freedman, 1983) both nitrogens on 
ethylenediamine were nitrosylated by KNO, to give 
[Pt(C, H.N,)(N(NO)C,H,N(NO))(NO,)CI] - 0.5H,O. 

The present work (Burdge, 1990) explores the oxidation of platinum(II) to 
platinum(IV) nitrite compounds (those containing nitro ligands, NO,, bound through 
nitrogen or nitrito ligands, ONO, bound through oxygen) using nitrogen oxide gases, 
NO,/H,O or NO/HNO,, as the oxidizing agent. Bis(ethylenediamine)platinum(I]) chlo- 
ride, [Pt(en),]CL,, was used as a model for development of a method by which platinum(IV) 
nitrite complexes can be synthesized. 


MATERIALS AND METHODs—Reagents - Ethylenediamine, purchased from J. T. Baker Chemical Com- 
pany, was distilled prior to use. The NO, and NO gases were obtained from Matheson Gas Products. The 
H,PtCl, was made by dissolving platinum sponge in aqua regia and evaporating the mixture to dryness with 
treatments of concentrated hydrochloric acid. Finally, K,PtCl, was precipitated by the addition of KCI and 
converted to K,PtCl, by reduction with hydrazine (Kauffman and Cowan, 1965). 

Physical Cerne spectra were recorded on a Beckman 1100 FT IR spectrometer over the 
range 4000-400 cm’. NMR spectra were obtained on a JOEL FX 90 FT NMR spectrometer, and UV-VIS 
studies were done with a Perkin-Elmer Hitachi 200 UV-VIS spectrometer. Conductivity was determined using 
a YSI model 31A Conductance Bridge and a Sargent DIP cell. X-ray diffraction measurements were done with 
a Philip X-ray Powder Diffractometer equipped with a PW 1050 vertical goniometer. Cyclic voltammetry 
measurements were done with a AMEL model 552 potentiostat, and X-ray photoelectron spectra binding 
energies were obtained on a GCA McPherson ESCA 36 photoelectron spectrometer via excitation with Al(K_) 
x-rays (E = 1486.6ev). Chemical micro-analyses were done by Desert Analytics, Tucson, Arizona. 

[Pt(en),]Cl,—The chloride salt of bis(ethylenediamine)platinum(II) chloride, [Pt(en),]Cl,, was prepared 
by a method not previously reported, but similar to one described in the literature for the preparation of 
bis(ethylenediamine)palladium(II) dichloride, [Pd(en),]Cl,, (McCormick et al., 1972). A 30-mL solution of 1 
M aqueous ethylenediamine was added to a solution containing 1.031 g (2.48 x 10° mol) of K,PtCl,. A precipi- 
tate formed immediately (probably [Pt(en)Cl,]) which went into solution upon gentle heating for 1° hrs in a 
round-bottom flask equipped with a reflux condenser under a nitrogen atmostphere. The clear solution was 
filtered through a Millipore filter to remove a small amount of metallic platinum, and the filtrate reduced to 
almost dryness in a rotary evaporator, then under vacuum (1.5 mmHg) for 20 minutes to remove unreacted 
ethylenediamine. The resulting yellowish product was redissolved in 10 mL of deionized water and was refiltered 
to remove trace amounts of a black residue, then cooled on an ice bath. 

A solution containing 1.0045 g (2.42 x 10° mol) of K,PtCl, was added to the above cold filtrate, which 
was magnetically stirred. A violet precipitate, [Pt(en), }[PtCl, (2. 42 x 10° mol theor.), formed immediately 
which was collected by filtration and tranferred to a 250 mL side arm Erlenmeyer flask along with 100 mL of 
deionized water. To this was added an excess (7.4 mL, 7.36 x 10° mol) of ethylenediamine, and the mixture 
stirred at a maximum temperature of 60°C until all solids dissolved and the solution became clear The solution 
was filtered to remove some finely divided grey solids. 

The yellow filtrate was concentrated on a rotary evaporator at 51°C then under vacuum (55 mmHg) ina 
40°C bath. The resulting solids were redissolved in 7 mL of deionized water and evaporated to near dryness on 
a rotary evaporator at 50°C then taken to dryness under vacuum (1.5 mm Hg) to remove excess ethylenediamine. 
It was further purified by dissolving the residue in 6 mL deionized water, then precipitated with an equal 
volume of ethanol-12 M HCl mixture and washed with more ethanol. Purified [Pt(en),]Cl, was recovered 
(1.2624 g). Anal. for [Pt(N,C,H,),]CL(FW 386.2). Calc.: C, 12.44; H, 4.18; N, 14.51; Cl, 18.36. Found: C, 
12.76; H, 4.19; N, 14.50; C, 18.68. 

[Pt(en),(NO,)Cl](NO,), using NO, as oxidant—A solution of 0.618 g (1.5 x 10° mol)(Pt(en),}Cl, dis- 
solved in 11 AL Beeiped H. _O was treated with a solution of 0.2735 g (1.61 x 10° mol) AgNO, dissolved in 
5 mL deionized H.O to precipitate one equivalent of chloride as AgC] which was removed by filtration. Nitro- 
gen dioxide (NO,) gas was bubbled (1 bubble/sec) through the filtrate for 30 minutes. A greenish blue color 
developed immediately which intensified during the oxidation but faded to yellow color in about 1 hour. 

Upon evaporation at 25°C in an air-stream desiccator, fine colorless platelets, covered with a yellow 
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amorphous material were recovered. These were recrystallized from water to give large colorless platelets. 
Anal. for [Pt(N,C,H,),(NO,)CI](NO,), (FW 520. a) Gale G7 92s Ho ONS oo0el 6.51, hound: C, 
9.38; H, 3.05; N, 17. 70: Cl, 7.38. ae (K Br): 830 cm’! 

To determine whether the same chloro-nitro complex would be obtained if the second equivalent chlo- 
ride was left in the starting material, the synthesis was repeated using a solution of 0.3060g (7.92 x 10% mol) of 
[Pt(en),]Cl, dissolved in 10 mL of deionized water. This solution was treated with NO, gas as above for 5 
minutes. A greenish-blue color formed immediately, which faded to a pale yellow color over the next 3 hours. 
At that time, the solution was divided into two equal parts. The first portion was concentrated by evaporation 
to yield a crop of colorless crystals with some yellow contamination. The other portion of the solution origi- 
nally containing 0.1121g (2.90 x 10% mol) of [Pt(en),]Cl, was treated dropwise with about 1 mL of aqueous 
solution containing 0.0483 g (2.84 x 10° mol) of AgNO.. The AgCl precipitate was removed by filtration. A 
portion of the clear filtrate was treated dropwise with AgNO, solution. No further precipitation occurred, 
indicating that only one equivalent of chloride was coordinated. The remaining filtrate was concentrated by 
evaporation to yield a crop of ONES appearing to be the same as those obtained from the first half of the 
original solution. y_. (KBr): 830 cm' and from the previous synthesis. 

[Pt(en ),CINO, 1 NO,), using NO/HNO, as oxidant—A solution of 0.2933 g (7.6 x 10* mol) of [Pt(en),]Cl, 
dissolved in a minimum amount of sions? H,O was added to a solution of 0.129 g (7.59 x 10% mol) of 
AgNO, dissolved in a minimum amount of deionized H,O to remove one equivalent of chloride as AgCl by 
filtration. The filtrate was acidified with 1.2 mL of concentrated (16 M) nitric acid to obtain an approximately 
1.6 M HNO, solution. The mixture was purged with a N, stream for 5 minutes, then treated for 20 minutes with 
a stream of ‘NO gas bubbling through the solution at about 1 bubble per second. The color of the solution 
immediately changed to greenish-blue, which intensified for the first 10 minutes then faded to pale green 
within an hour, and pale yellow in 2 hours. Upon evaporation in an air-stream desiccator, clear, colorless 
crystals were obtained, including several large (0.5 mm) x-ray quality crystals. y_, (KBr): 830 cm". 

[Pt(en),NO,(ONO)](NO,), using NO/HNO, as oxidant—A solution of 0.3320 g (8.6 x 10* mol) of 
[Pt(en),]Cl, dissolved in 12 mL of deionized water was added to a solution of 0.2931 g (1.725 x 10° mol) of 
AgNO, dissolved in 7 mL of deionized water to remove all ionic chloride. The resulting AgCl precipitate was 
removed by filtration. A 3 mL volume of concentrated (16 M) nitric acid was added to the filtrate and NO gas 
bubbled into the solution for 5 minutes. The solution immediately became an intense blue, which was still pale 
blue after 24 hr. and took almost a week to fade to a pale yellow color. The solution then was concentrated to 
a volume of 7 mL on a rotary evaporator at 45°C, and finally in a desiccator, which yielded a crop of fine white 
needles. Anal. for [Pt(N,C,H,),NO,(ONO)](NO,), (FW. 531.36). Calc.: C, 9.04; H, 3.04; N, 21.09. Found: C, 
8.83; H, 3.03; N, 19.62. _. (KBr) 950, 830 cm". 

[Pt,(en),(NO,),OH](NO,), using NO/HNO, as oxidant—A solution of 0.5712 g (1.48 x 10° mol) of 
[Pt(en),]Cl, dissolved in a minimum amount of deionized H,O was added to a solution of 0.5024 g (2.96 x 10° 
* mol) of AgNO, also dissolved in a minimum amount of deionized water to precipitate all chloride. The 
resulting AgCl precipitate was removed by filtration. A 2 mL volume of concentrated (16 M) nitric acid was 
added to the filtrate and a nitrogen stream containing a low concentration of NO gas was slowly bubbled 
through the solution for 30 minutes. A color appeared during the first two minutes, that intensified to a deep 
royal blue color by the end of the treatment. Three 1 mL samples of the solution were taken for testing. The 
remainder of the solution faded to a pale blue color in 24 hours and finally to a pale yellow color after several 
days at which time a crop of almost colorless (slight blue tint) well-formed crystals was deposited. Anal. for 
[Pt,(N,C,H,),(NO,),OH](NO,).(FW 1049.6). Calc.: C, 9.16; H, 3.17; N, 20.02. Found: C, 9.25; H, 3.18; N, 
19.82. y_. (KBr) 900, 830 cm’. Conductivity, _= 634.35 ' cm?’ mol", about that expected for a 1:5 electrolyte. 

Pt(en),NO,OH](NO,), using NO/HNO, as oxidant—This product was synthesized by nitrosylation with a 
low concentration of NO in nitrogen gas as with the previous compound. However, rather than allowing the 
nitrosyl species to be oxidized by dissolved oxygen in solution, it was rapidly oxidized by the addition of 
hydrogen peroxide solution. The isolated product displayed neither the nitrito band at about 960 cm nor the 
bridging hydroxo band at about 900 cm’. It does show, however, increased intensity in the O-H stretching 
region around 3400 cm", a sharp band at about 1160 cm’ typical of a terminal metal-O-H band, and the 
characteristic NO, band at 830 cm". 

X-ray studies—Preliminary crystallographic data were obtained on the prismatic crystals of 
[Pt(en),NO,C1](NO,), from the NO/HNO, synthesis. From this experiment several x-ray quality crystals were 
harvested, each about 0.5 mm in diameter. One was mounted and analyzed on a Nicolet single crystal 
diffractometer. Preliminary information obtained revealed that the crystal was monoclinic. The refined cell 
parameters a = 12.8320 + 0.0042 A, b = 9.5490 + 0.0024 A, c = 12.5086 + 0.0027 A, a= 90°, B = (100.372° + 
0.022) and = 90°. Cell volume = 1507.67 + 0.67 A>. The crystal density was found to be 2.3782 grams cm? 
using the flotation method and mixtures of CCI, (d= 1.595) and CH,I, (d = 3.325). The new calculated density, 
assuming four molecules per unit cell was 2.2936 grams cm”. The difference of 3.56% corresponds to one 
water of hydration. Taking this into account, the calculated density is 2.375 grams cm? making the error 0.135%. 
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ResuLts AND Discussion—Otr results indicate that we can repeat the synthesis of 
[Pt(en),(NO,)Cl]* via the nitrosyl intermediate previously reported (Chernyaev, 1931; 
Chernyaev and Babaeva, 1936; Nazarova et al., 1965; and Stetsenko et al., 1969) using 
both the NO,/H,O and NO/HNO, methods. In the NO,/H,O method, however, nitrite ion 
appears to be present in snfhiie: concentration to form the slightly soluble yellow 
[Pten(N(NO)C,H,NH,)(NO,)CIJCI * H,O and the sparingly soluble, bright yeilow 
nitrosoamine [Pt(N(NO)C, H, NH,),(NO, YCi (Adrianova et al., 1970; Adrianova and 
Gladkaya, 1972; Gladkaya et ‘alls 1974; Adrianova et al., 1979). The NO/HNO, method 
does not appear to form these variants giving [Pt(en),(NO,)CI](NO,), in malieh greater 
purity. . 

By working in solutions of the Pt(en),** complex free of the chloride, we were able 
to prepare a bis-nitro complex; however, its characterization suggests the nitro-nitrito 
[Pt(en),(NO,)(ONO)|(NO,), configuration rather than the nitro-nitro isomer reported 
earlier (Nazarova et al., 1965). 

In order to learn more about the nature of the nitrosyl intermediates in the’ bis sys- 
tem, they were made under conditions of varied chloride concentration. The y_, of 735 
nm was found to be constant whether chloride was present in only one equivalent or in 
excess, suggesting that the equilibrium [Pt(en),(NO)(H,O)]** — 
Pen lies far to the right. The value was found to be about 70 L - mol" - 
cm! which suggests that the nitrosyl species prefers a chloride in the trans position over 
the other available ligands, H,O and NO,. We observed that the chloride anion in these 
solutions was easily precipitated by Ag* in agreement with the large trans-effect of the 
NO ligand. Ai of 710 nm with an € value of 46 L- mol’ - cm" has been reported in the 
literature (Stetsenko et al., 1969). 

When no chloride was present, however, the band max/min of the blue nitrosyl 
moved to a shorter wavelength (680 nm) and the trans group was either NO, or water. A 
strong trans effect of coordinated NO on d° platinum(IV) has been observed with bond 
lengths to the trans ligands being considerably elongated (Peterson et al., 1988). 

We found that under otherwise similar conditions, nitrosyl complexes which had a 
chloro group trans to the nitrosyl group oxidized to nitrochloro in the course of 1-2 
hours; those complexes for which the ligand trans to the nitrosyl was not chloride required 
several days to oxidize the nitrosyl ligand. Apparently the presence of coordinated chloride 
trans to the nitrosyl modifies the nitrosyl group in such a way that it is more easily attacked 
by oxygen. Data from Peterson and co-workers (1988) shows that the nitrosyl group trans to 
a chloro group is more tightly held and more severely bent than that of the aquo compound 
(Fig. 1). This would appear to leave the lone pair on nitrogen more exposed to attack. In the 
case of the chloronitrosyl, the platinum complex and molecular oxygen can approach one 
another more easily to effect the first step of oxidation. In the case of the aquo complex, 
however, the electrophilic attack by oxygen is sterically hindered making the oxidation 
slower. Clarkson and Basolo (1973) also found the attack by molecular oxygen on the cobalt 
nitrosyl nitrogen was the slow step in the reaction, but did not identify the influence of the 
ligand trans to the nitrosyl on the rate of oxidation to nitrite. Based on the analogous cobalt 
system, the oxidation of Pt" to Pt'’ complexes would take place according to egn. 4 - 7, 
where B is the base ligand Cl on H,O. 
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Four products were obtained in the bis(ethylenediamine) system: 
[Pt(en),NO,CI](NO,),] (D, [Pt(en),NO,(ONO)](NO,), (ID, [Pt,(en),(NO,),(OH)](NO,). 
(IID), and [Pt(en),(NO,)OH](NO,), (IV). Infrared spectra of all of these products display 
the bands associated with coordinated ethylenediamine (Sadtler, 1968) as well as the 
band characteristic of a coordinated nitro ligand at 830 cm", and bands associated with 
ionic nitrate (Nakamoto, 1963). The nitro band is somewhat split in the spectra of com- 
pounds III and IV. The coordinated nitro groups of the hydroxo bridged dimer may have 
a slight degree of nonequivalence due to the position of the ethylenediamine ligands 
which would account for the splitting of the band. Isomerization of platinum(IV) species 
has been reported under similar conditions (Kuroda et al., 1983). The nitro-hydroxo 
compound may have both a trans and cis configuration. The cis configuration would be 
expected, because of its lower symmetry, to display splitting in the nitro group bending 
frequency. 

The spectrum of compound II has a large prominent band at 960 cm’ and one of 
increased intensity at ~830 cm’. This supports the proposed structure of a trans nitro- 
nitrito complex (Nakamoto, 1963). 

The spectrum of compound III has a sharp band at 900 cm" which moves on deu- 
teration. This is believed to be the Pt-O-H bend of a bridging hydroxo group (Min et al., 
1990). The spectrum of IV has neither the nitrito band nor the bridging hydroxo band. It 
has, though, a sharp small band at 1160 cm' which is believed to be the Pt-O-H bend of 
a terminal hydroxo group (Nakamoto, 1963). 

From our work, based on spectral characterization, the nitrosyl seems to favor a 
chloride in the trans position over the more abundant nitrate ions and water in solution; 
however, the Pt-Cl bond is weak, owing to the trans effect of the NO and the chloride can 
still be removed by silver at this point. 

The proton NMR spectrum of the nitrochloro product is compared with the spec- 
trum of the bisethylenediamine starting material (Fig. 2). The protons of the platinum(IV) 
product are further downfield than those of the platinum(II) compound. The two satel- 
lites on the main peaks from the methylene (CH, ) ring protons are due to Pt-H coupling 
to the 33% abundant I=1/2, Pt-195 modes. The coupling is also decreased for the 
platinum(IV) oxidation state and is another way in which platinum(ID) and platinum(IV) 
complexes can be distinguished. 
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Fic. 1: Selected bond distances and angles in platinum(IV) nitrosyl complexes. Data for 1, 
[PtNO(NO,),(H,O)]*, and 2, [PtNO(NO,),Cl,]* are taken from Peterson, and co-workers, 1988. Note the 
trans-lengthening effect of the nitrosyl ligand, NO’ on the chloro- or aquo- ligand opposite it. A reciprocal 
influence of those trans-ligands on the degree of angle bending of the Pt-N-O group may also be seen. Dis- 
tances listed for the in-plane, cis-chloro- or cis-nitro- ligands are averages of individual bond distances. 
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Fic. 2: Proton NMR spectra of [Pt"(en),]Cl, starting material (upper spectrum) and [Pt'Y(en),(NO,)CI](NO,), 
(lower spectrum) synthesized in this work. 
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chloronitrobis(ethylenediamine)platinum(IV ).. Note the C, symmetry (C, axis along z-direction and mirror planes 
parallel to xz and yz planes) of the trans-isomer, 1), leading to the symmetry equivalence of all four CH,,, chelate- 
ring, methylene-group protons. The cis-isomer, 2) with only C, symmetry (C, along y-direction) should show two 
non-equivalent (a) and (b) type sets of methylene protons in the NMR spectrum. 
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Fic. 4: Proposed mechanism for formation of the O-bonded, nitrito-isomer, [Pt(en),(NO,)(ONO)]**. In the 
absence of chloride, oxidation by molecular oxygen from air, occurs at the nitrosyl ligand in the blue 
nitrosylaquoplatinum(IV) intermediate, to produce the N-bonded nitrite ligand intermediate with a hydroxo- 
ligand trans- to it. It is proposed that the nitrosylnitrite species, "N,O," which is thought to be present in nitrous 
acid solutions can further nitrosylate this complex. It is proposed that there is a concerted attack of the N,O, 
species on the hydroxide ligand with the nitrosonium, NO‘, cation attaching at the oxygen of the hydroxo- 
ligand to form the O-bonded, nitrito ligand with the proton simultaneously transferring to the nitrite part of 
N,O, to form nitrous acid. 
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Fic. 5: Proposed structure of the highly charged, hydroxo-bridged platinum(IV) dimer, [Pt,(en),(NO,),OH]** 
isolated in this work under conditions of low concentrations of nitric oxide. 
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The simplicity of the proton spectrum products further suggests a highly symmetri- 
cal molecule. The methylene protons of the ethylenediamine ring appear to be equiva- 
lent. Two possible isomers (cis and trans) are contrasted (Fig. 3). In the trans molecule, 
all of the protons are interconvertible through the principal C, axis (z) and the two per- 
pendicular mirror planes (xz and yz). Although the puckered shape of an actual 
ethylenediamine ligand would make some of the protons axial and some equatorial, on 
the average, due to rapid ring flipping between conformations they would be indistin- 
guishable, especially in solutions. 

The cis molecule, on the other hand, contains no symmetry elements which can 
interconvert proton a and b. They are therefore nonequivalent and would be expected to 
have different chemical shifts, making the spectrum more complex than what has been 
observed. | 

A similar argument can be applied to the infrared data. The compound of higher 
symmetry would be expected to have a simpler spectrum. In fact, the nitro O-N-O bend- 
ing frequency at 830 cm' of compounds in the cis configuration is split (Adrianova et 
al., 1970). The single sharp band in the observed spectrum of compound I is further 
evidence of its trans configuration. 

When both chlorides are removed, the nitrosyl intermediate is forced to choose an- 
other species for coordination in the trans position. Most abundant in the solution are 
nitrate and water. Because the product appears to be a nitro-nitrito complex, one in which 
the second NO, group is bound through its oxygen, it suggests that water is coordinated 
trans to the nitrosyl in the absence of chloride. 

Upon oxidation of the nitrosyl intermediate to the nitro complex, a proton is lost from 
the coordinated water, leaving a hydroxo group. This group is then subject to attack by the 
nitrous acid (as N,O,) remaining in solution. The hydroxo group is not labile enough to be 
displaced, since the trans effect of the NO, ligand is far less significant than that of the NO 
ligand; however NO* from dinitrogen trioxide can displace the proton of the hydroxo group 
to give a nitrito or O-bonded NO, group as illustrated (Fig. 4). 

In the preparation of Compound III, [Pt,(en),(NO,),OH](NO,)., a mixture of nitro- 
gen and nitric oxide was bubbled into a nitric acid solution of starting material just as the 
pure nitric oxide had been used before. The lower effective concentration of NO resulted 
in different conditions and therefore a different product. In the case of the nitro-nitrito 
product, water had been coordinated and then attacked by nitrous acid in solution. In this 
case, there was not sufficient nitrous acid generated for this to be possible. Instead, the 
coordinated water gives up a proton as the nitrosyl is oxidized and a nitro-hydroxo com- 
plex results. Since this process is slow, nitro-hydroxo species and nitrosyl-aquo species 
exist simultaneously in solution. Under these conditions, hydroxo-bridged platinum dimers 
are reported to form . A possible mechanism for the formation is given in eq. 8,9 (Stanko 
et al., 1977). 


[Pt(en),NO,(OH)]** + [Pt(en), NO(H,O)}** — (8) 
{NO,Pt(en),-(OH)-Pt(en), NO }>* + H,O 
{NO,Pt(en),-(OH)-Pt(en),NO}* + 1/20, — (9) 


[NO,Pt(en),-OH-Pt(en),NO,]°* 
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Evidence supporting the proposed structure of Compound III (Fig. 5) includes an 
infrared band at 900 cm, similar to what has been reported for a Pt-O-H bend of a 
hydroxo-bridged platinum dimer (Stanko et al., 1977) and as well as elemental 
analysis and conductivity. 

The conductivity of this product was determined to be consistent with what we 
might expect for a 1:5 electrolyte, A. = 634.35 ‘' cm’ mol". The only data available on 
electrolytes of this type come from a study done on a series of platinum compounds with 
amino and chloro ligands and chloride anions. The largest number of ions reported was 
5, or a 1:4 electrolyte, [Pt(NH,),JCl,. It had a molar conductivity of 522.9 (-') cm’ mol". 
The next in the series, [Pt(NH,).CIJCl,, a 1:3 electrolyte had a molar conductivity of 404 
-l em? mol? (Kauffman and Cowan, 1965). Extrapolating from the data given, we predict 
that the range of molar conductivities for a 1:5 electrolyte should be roughly 600-660 "! 
cm? mol’. 

Compound IV, [Pt(en), NO,OH](NO,),, was synthesized by nitrosylation with a low 
concentration of NO as was the previous compound. Rather than let the nitrosyl species 
oxidize by the action of dissolved oxygen in solution, though, it was rapidly oxidized 
with the addition of hydrogen peroxide. This created conditions unfavorable for the 
formation of dimers. All of the nitrosyl ligands were transformed to nitro ligands instantly, 
therefore, the simultaneous existence of nitro-hydroxo and nitrosyl-aquo species necessary 
for the formation of dimers never occurs. The product isolated in this experiment displays 
neither the nitrito band at 960 cm’ nor the bridging hydroxo band at 900 cm". It does, 
however, display increased intensity in the O-H stretching region around 3400 cm' and 
a sharp band at 1160 cm” typical of a terminal metal-O-H bending band. 

The hydrolytic stability of several chloronitrosyl complexes of platinum(IV) has 
been investigated before (Stetsenko et al., 1969). It was reported that in dilute acidic 
solution (5 x 10° - 2.5 x 10° M) the chloronitrosyl complexes of platinum(IV) undergo 
equilibrium hydrolytic transformation according to the scheme 

IRiC(NO)A|> + HLO—, [IPtA,|* + HNO, + H+ Ch (10) 

where A = methylamine, ammonia or 1/2 ethylenediamine. Of most interest is the A = 1/ 
2 en case, for which the K. ,, !or the bis(ethylenediamine)chloronitrosy! platinum(IV ) 
complex was given as (5.4 + 0.7) x 10°. In theory, then, if the nitrosyl species is pro- 
tected from further oxidation to the nitro species by a nitrogen atmosphere, it will to a 
small extent reduce back to the platinum(II) species. The reaction could be moved in the 
direction of the platinum(II) by removal of some product--such as the H* being removed 
by base. This may prove important in biological systems, where the pH is slightly basic. 
If the platinum(IV) nitro complex is reduced "in vivo" to the nitrosyl species, then this 
hydrolytic equilibrium may be the mechanism by which the necessary platinum(II) oxi- 
dation state is achieved. 

ConcLusilons—A new method of oxidizing platinum(II) amine complexes using a 
nitrogen oxide, nitric acid mixture as the oxidant has been developed. The 
bis(ethylenediamine)platinum(II) system was used in the development of a method for 
incorporated nitrite ligands into the coordination sphere of platinum(IV) compounds, a 
route not investigated before for potential antitumor compounds. Although the 
bis(ethylenediamine) system does not fit the criteria for biological activity, it served well 
as a model for development of the techniques required for this project. Four compounds 


284 FLORIDA SCIENTIST [VOL 58 


were obtained: [Pt(en),NO,CI](NO,), (I), [Pt(en),NO,(ONO)](NO,), CID, 
[Pt,(en),(NO,),OH](NO,), (IID), and [Pt(en), NO,(OH)](NO,), (IV). 

While this is an encouraging beginning, much remains to be done in this area. As 
stated earlier, it would seem to be in the best interest of cancer research to test a large 
number of new compounds in the hopes of finding suitable drugs. This new method of 
oxidation to platinum(IV) along with incorporation of nitrite ligands provides a new 
class of Pt(IV) compounds which may possess enhanced reducibility. In addition, this 
method of oxidation might be applicable to the many platinum(II) compounds which 
have been rejected from clinical trials despite their biological activity, because of low 
solubility or high toxicity. This will give researchers a series of new compounds from 
which candidates for cancer drugs may come. 
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Science Teaching 


USING FT-IR IN THE MICROSCALE ORGANIC TEACHING 
LABORATORY AT THE COMMUNITY COLLEGE LEVEL 


JANICE EMs-WILSON 


Valencia Community College, P.O. Box 3028, Orlando, FL 32802 


ABSTRACT: FT-IR was used to allow students to analyze microscale size samples and to provide for experi- 
ence and interaction with modern computer-driven instruments in a lab setting. Exercises and an instruction 
manual were written to help students: (a) learn the operation, construction, and theory of a FT-IR spectrom- 
eter, (b) acquire and manipulate spectra using the “Windows” based OMNIC software, and (c) follow struc- 
tural changes during a slow reaction by observing changes in the IR spectrum. Because of the speed and ease 
of operation of the FT-IR an entire twenty-four member lab section can able to obtain the necessary spectra 
during the lab period. 


Few community college students have the opportunity to use computer-driven meth- 
ods of chemical analysis in introductory level courses. This instrumental capability, how- 
ever, 1S a routine scientific tool in subsequent upper division chemistry courses that the 
students may take after leaving the community college. This paper focuses on how we 
introduced the FT-IR to our sophomore organic chemistry laboratory via five introduc- 
tory exercises, and how we used the FT-IR to follow sodium borohydride reductions. 

Our organic course is a two-semester course offered to sophomores who have had 
two semesters of general chemistry. Labwork during the first semester laboratory exer- 
cises teaches techniques and manipulations. The second semester involves seven experi- 
ments. Six were syntheses requiring confirmation of products by acquisition of IR spec- 
tra. Students worked in pairs. 


MatTERIALS AND METHODs-The instrumental system included a Nicolet Impact 400 FT-IR and a 486 Gate- 
way 2000 computer with a math coprocessor and a Hewlett Packard 400L Laserjet printer. The software, 
“OMNIC” version 2.0, furnished by Nicolet required Microsoft Windows 3.1. Directions were written to show 
students how to use the various levels of spectral acquisition available with the OMNIC software. All experi- 
ments were written or modified by the author for microscale. Chemicals were purchased from Aldrich Chemi- 
cal Company and used without further purification. FT-IR samples were analyzed using either sodium chloride 
salt plates, a solution cell with a 0.015 mm path, or a potassium bromide pellet. 


DiscussioN—Five introductory exercises were written to acquaint the students with 
FT-IR terminology and the capability of the OMNIC software for infrared spectral analysis. 
Students worked in pairs to get maximum benefit from the exercises. The total time on 
the computer (per student pair) ranged from one to two hours depending on students’ 
familiarity with a mouse and the “Windows” environment. Two exercises did not in- 
volve the computer. It took approximately three weeks for the class to complete the FT- 
IR introduction. Fortunately, the process was expedited by a knowledgeable laboratory 
assistant, who had previous FT-IR experience. Also, students had access to the FT-IR at 
times other than the lab period. ANMR computer simulation lab was run simultaneously 
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for students who had completed the exercises or were waiting. 

The first exercise introduced the students to FT-IR terminology. Students looked up 
definitions and theory in the FT-IR User’s Guide and theory pamphlet (OMNIC FT-IR 
Theory, 1994), as well as in reference books (Rodrig, 1990), (Mayo, Pike and Butcher, 
1986), (Silverstein, Bassler and Morrill, 1991), (Skoog, West and Holler, 1994) and jour- 
nal articles (Glasser, 1986). 

The second exercise was a visual comparison of a demonstration unit (a dispersive 
IR unit from Perkin Elmer) to the optics (through a clear plastic seal) of the Nicolet FT- 
IR. Students listed differences in beam path, number and type of mirrors, resolution, 
calibration, speed, manipulation, etc. The student’s lab report included labelling a dia- 
gram of the optical bench with the source, laser, beam splitter, interferometer, movable 
mirrors, and detector and tracing the light path from source to detector. 

The third exercise provided instruction on how to use the mouse to run the OMNIC 
software. It included using “pull-down menus.” The exercise included the identification 
of components of a spectral window: real time display, annotation and titling tools, en- 
largement tools, age of background, and number of scans. 

The fourth exercise was a simulation exercise. Students chose three spectra from the 
computer’s spectral library. Each spectrum was enlarged, annotated, stacked into three 
levels on one screen and then printed. Students also performed a base line correction and 
a smoothing correction on a demonstration spectra. 

The fifth exercise involved manipulation of three spectra generated from samples in 
our lab which were placed in a “User” library. The spectra were methylethyl ketone, 
octyl alcohol, and a mixture of the two. 

The spectra were overlaid and then either the ketone or the alcohol was subtracted. 
The results were titled and displayed in four levels (Fig.1). 


4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 


Wavenumbers (cm-1) 


Fic 1. Stacked % transmittance spectra for methylethyl ketone, octyl alcohol, the mixture, and the 
subtraction of methylethyl ketone 
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Fic 2. Absorbance spectra of 0, 20, 40, 60, and 80 mole % cyclohexanol in cyclohexanone. 


0 20 40 60 80 100 
% Cyclohexanol (moles) 


Fic 3. Plot of absorbance versus percent cyclohexanol in cyclohexanone at 3400 cm". 
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The average time needed to run a spectrum was thirty seconds. Printing took much 
longer. When there was not enough time to print spectra during the lab period, the spec- 
tra were saved to disc and printed later by our laboratory assistant. 

In addition to using the FT-IR to confirm reaction products, we used the FT-IR to 
follow organic reactions. The reactions followed were the sodium borohydride reduction 
of cyclohexanone and the photochemical reaction of isopropy! alcohol with benzophe- 
none (Ems-Wilson, 1995). 


C,H,,O + NaBH,/CH,OH -> C,H, OH + NaOCH, + BH, (1) 


The reduction of cyclohexanone—The reduction of cyclohexanone was troublesome 
because students could not tell when the reduction was complete. They attempted to 
follow the reaction using peak heights of gas chromatograms of cyclohexanol and cyclo- 
hexanone, but the cyclohexanol, being viscous, wouldn’t draw or would clog the injec- 
tion needles. The problem became worse as the reaction proceeded because the percent- 
age of cyclohexanol increased. If they followed the reaction using the FT-IR, a solution 
cell could be used. The cell could be easily filled despite the viscosity of the reaction 
mixture. 

The sample cell always had a consistent 0.015 mm path and could be cleaned easily. 
The IR method was faster, taking less than one minute compared to the gas chromato- 
graphic retention time of more than eleven minutes. 

If a set of IR reference spectra containing various percentages of reactant and prod- 
uct was prepared, students could judge the completeness of their reaction by comparing 
the size of their C=O peak at 1700 cm" and the OH peak at 3400 cm’ to reference 
spectra. The reference standards used were pure samples of cyclohexanone and 
cyclohexanol and mixtures of 20, 40, 60, and 80 mole percent of cyclohexanol in cyclo- 
hexanone. The components would not drain from volumetric pipettes properly because 
of the viscosity (similar to the gc problems), especially at higher percentages of 
cyclohexanol. Consequently all mole percentages were determined by weight (Table 1). 
A spectrum of each sample and mixture was taken using the 0.015 mm path solution 
cell. The percentages and absorbances of C=O and OH peaks are listed in Table 2. The 
Beer’s Law plot (Fig. 3) for the OH peak was linear to 80% of cyclohexanol. The absor- 
bance spectra of the reference samples were superimposed in Fig. 2. 
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TABLE 1. Measured volume, measured mass, percent volume, percent mass and percent moles of 
cyclohexanol in cyclohexanone for a typical experiment 


Measured Measured % Volume % Mass % Moles 
volume mass 

10.0 8,827 100.0 | 100.0 100.0 
8.0 7.246 79.4 1957, 79.4 
6.0 S35) 59.0 59.4 58.9 
4.0 3599 39.0 39.4 38:9 - 
2.0 1.805 192 19:5 19.0 
0.0 0.0 0.0 0.0 0.0 


TaBLe 2. Absorbances of mixtures of cyclohexanol in cyclohexanone for a typical experiment 


% Cycloohexanol Absorbance 
by mole percent 3400 cm-1 1700 cm-1 
0.0 0.087 5.896* 
20.0 0.261 5.909- 
40.0 0.461 S921 
60.0 0.657 1.602 
80.0 0917 0.933 
100.0 1.465 0.000 


* off scale 
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ConcLusions—All Students remarked that they felt “comfortable” using the com- 
puter and the OMNIC software after completing the introductory exercises. The reduc- 
tion in time needed by each group for a scan was remarkable. A simple scan took less 
than one minute. Scans requiring manipulation averaged five minutes. 

Using the FT-IR to qualitatively follow the cyclohexanol and pinacol formation was 
preferred over the gas chromatograph because it was easier and faster. Students had 
consistent sample size and reproducible results . 

Even though a Beer’s law plot could be made for quantitative work, we felt that 
determining the completeness of a reaction was more appropriate in a sophomore or- 
ganic chemistry class. 

Knowing when the reaction was complete improved reaction yield. This created 
student confidence in themselves and in microscale techniques as well as motivated stu- 
dents to find more ways to use the computer and the FT-IR. 
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ABSTRACT: An automated analysis system capable of providing speciation and concentration information 
for several atmospheric NOx compounds was used to obtain diurnal and location variation data during a five 
day research cruise in the southeastern Gulf of Mexico between May 18 and May 22, 1987. Speciation of these 
nitrogen compounds was achieved by selective preconcentration onto a series of chemically coated glass hol- 
low tubes. Analysis was performed by thermally desorbing the collected analytes into a chemiluminescence 
detector providing sub parts-per-billion level determinations. 


ATMOSPHERIC nitrogen oxides are important participants in the chemistry of both 
clean and polluted atmospheres and are directly involved in the production of photo- 
chemical air pollution through reactions with gaseous organic compounds. Acid rain is a 
direct consequence of this air pollution phenomenon (Finlayson-Pitts and Pitts, 1986). 
Nitrogen oxides and acid rain have been linked to vegetation damage, pH levels too low 
to sustain life in lakes and other aquatic systems, structural damage to buildings and 
infrastructures, and physiological problems in humans and animals (Edney et al., 1988; 
Lee, 1980; Wellburn, 1988). 

NO and NO, are primary pollutants, that is, ones being directly emitted into the 
atmosphere. NO is produced from the reaction of N, and O, ee high-temperature 
combustion processes: 

N, FO. ZNO (1) 

NO constitutes the most significant fraction of NOx emissions with major sources 
being stationary fossil-fuel burning facilities and transportation-related industries. 

At high concentrations, NO is rapidly oxidized to NO: 

INO CF INO! (2) 

At typical ambient NO concentrations (< 1 ppmv), however, this reaction is far too 
slow to account for the amounts of NO, found in the atmosphere (Finlayson-Pitts and 
Pitts, 1986). Itis now known that free radicals, such as RO (alkoxy), RO, (alkyl peroxy), 
R (alkyl), HO, (hydroperoxyl), H, and particularly OH (hydroxyl) are involved in NO 
oxidation to NO, (Leighton, 1961): 


OH+CO— H+CO, | (3) 
H+0,— HO, (4) 
HO, + NO —* OH+NO, (5) 


The photolysis of NO, in air to produce O(P), followed by reaction with oxygen, is 
the sole known source of anthropogenically produced ozone (Finlayson-Pitts and Pitts, 
1986; Uselman et al, 1979): 

NO, + hv (A $430 nm) —> NO + OCP) (6) 
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OGP) 10) sO: (7) 

HNO, is considered to be a secondary pollutant existing in measurable concentra- 
tions only at night. Pitts and co-workers (1984) have suggested however that nitrous acid 
may also be a primary pollutant after detecting HNO, in automobile exhaust. Nitrous 
acid photolyzes rapidly producing NO and OH radical at sunrise: 

HONO + h( < 400 nm) — OH + NO (8) 

After sunset, NO and OH can react to form HNO,, which serves as a temporary 
nighttime reservoir for NO and OH. ‘ 

Nitrous acid may also be formed from NO and NO:;: 

NO + NO, + H,O — 2HONO (9) 
2NON SH Ox HONO HNO: (10) 

Both of these reactions occur very slowly in the gas phase, but are catalyzed at 
surfaces. 

An important reaction resulting in the formation of HNO, is given below: 
NO? + OH =” HNO, (11) 

This reaction occurs primarily in the late afternoon after OH radicals are formed in 
photochemical reactions. Nitric acid is the major NOx sink in the atmosphere serving as 
a terminator for many oxidative chain reactions. This results in HNO, having a chemical 
lifetime that is much longer than the other NOx gases, three weeks to as long as 20 years 
(Finlayson-Pitts and Pitts, 1986). The actual residence time in the troposphere, however, 
is generally short, as nitric acid is rapidly removed by dry deposition, wet deposition 
(acid rain), and absorption into water droplets. 

In 1982, Braman and co-workers described a quantitative analysis method that in- 
volved the collection of gaseous nitric acid and ammonia onto glass hollow tube sur- 
faces coated with tungstic acid. The system consisted of a tungstic acid (WO,) interior 
coated hollow Vycor quartz tube, approximately 30 cm long with an external diameter of 
6 mm and internal diameter of 4 mm, followed by a larger volume tube containing tung- 
stic acid (WO,) coated sand. Gaseous HNO, and NH, were collected on the interior wall 
of the WO,-coated hollow tube by diffusing from a laminar-flowing sample gas stream. 
Particulate NO, and NH,” were collected downstream on the WO, packed tube. Analy- 
sis of these hollow and packed tubes was performed by thermal desorption of the col- 
lected analytes into a helium carrier gas stream flowing into a chemiluminescence detec- 
tor. A lower limit of detection of 0.02 nanomoles of nitrogen compound was reported. 

Continuation of this work by Braman and de la Cantera (1986) resulted in the devel- 
opment of three additional hollow tube collectors: potassium iron-oxide (KFe) for HNO,, 
copper(I) iodide (Cul) for NO,, and cobalt(III) oxide (Co,O,) for NO. Analysis of these 
hollow tubes was performed in the same manner as the WO, hollow tube with the analytes 
being desorbed thermally as NO into a chemiluminescence detector. 

For ambient air sampling, this tube series was connected in the sequence [WO,- 
KFe-Cul-Co,0,-WO, packed tube]. This sequential hollow tube analysis system was 
automated so as to provide semi-continuous analyses for HNO,, HNO,, NO,, NO, NH,, 
NH,*, and NO,. 


MatERIALS AND MetHops—The NOx analyzer was operated at sea aboard the ship R/V Suncoaster for a 
five-day period from May 18-22, 1987. The analyzer became operational Monday, May 18, at 12:04 p.m. 
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EDT, while leaving Tampa Bay and was shut down Friday, May 22, at 9:52 a.m. EDT, after operating for 
approximately ninety-two hours continuously. Some 53 analysis series were performed for HNO,, HNO., 
NO,, and NO during a seventy-hour period while at sea. An additional 35 analyses of the four NOx gases were 
performed during a twenty-two-hour period at the Bayboro Harbor dock after returning to port. Determina- 
tions for NH, and particulate NH,* were not performed in order to provide more analysis series of the NOx 
compounds and the particulate NO, results are not presented here. 


Cruise summary—Figure 1 shows the cruise track taken. The R/V Suncoaster cruised 
af a speed of nine knots on a due south course after leaving Tampa Bay, arriving at the 
Fort Jefferson National Monument docking area at 6:30 a.m., Tuesday, May 19. At 
10:00 a.m., the vessel left the docking area and took a station approximately one mile 
west of Fort Jefferson. This anchorage was maintained until 6:30 a.m., Wednesday, May 
20, when the R/V Suncoaster weighed anchor and cruised on an easterly course for Key 
West, arriving at 1:00 p.m. After one hour, the vessel departed, taking a north-northwest 
course, paralleling the southwest coast of Florida, on the return trip. | 

The only precipitation during the cruise occurred at 11:27 p.m. Wednesday, May 20 
in the form of a light shower, lasting approximately 20 minutes. The 

R/V Suncoaster entered Tampa Bay at 9:05 a.m. EDT, Thursday, May 21, and docked 
at Bayboro Harbor at 10:59 a.m. 

Operations—The R/V Suncoaster is 120 feet in length with a laboratory area at deck 
level and an upper level deck, approximately seventy feet long. The automated NOx 
analysis system consisted of a Hewlett-Packard 3388A computer-controller, a control 
module, a chemiluminescence detector, and the hollow tubes sets contained in a pro- 
tected module. The computer-controller, the control module, and the chemiluminescence 
detector were set up in a laboratory area below deck. The hollow tube module was placed 
on the upper deck level, approximately fifteen feet behind the upper bridge rear enclo- 
sure, or about twenty feet forward of amidship. In this position, the module was well 
forward of the dual smokestacks, which were at the aft end of the upper deck level. 

The vacuum pump used with the detector was placed in a vented, wood enclosure 
near the smokestacks and connected to the detector using twenty-five feet of 0.25 inch 
o.d. copper tubing. There was no loss in detector chamber vacuum pressure because of 
the length of tubing. 

The 120 V AC lines from the control module, along with the carrier gas lines and 
detector return line, were bundled and fed through a three-inch, upside-down, U-shaped 
PVC pipe from outside the lower deck wall into the laboratory area. The 120 V AC was 
supplied by generators operating directly off of the R/V Suncoaster’s twin Caterpillar 
Diesel engines. There was no interruption in power during the cruise. 

Calibrations—Three calibration series were performed.during the cruise: the first, on 
Monday, May 18; the second, on Tuesday, May 19; and the third, on Friday, May 22. 
The NOx detector was calibrated by injecting microliter-size volumes of standard KNO, 
directly onto the WO, packed tube followed by thermal desorption into the chemilumi- 
nescence detector. The resulting calibration equations are summarized in Table 1. Re- 
sponse data from the tube analyses were used with these equations to express gas com- 
ponent concentrations in parts-per-billion by volume (ppbv). 

Precision of the analytical data can be estimated from the precision of the instru- 
ment and sample flow rates and the precision of the calibration curves. The relative error 
in the flow rate measurements was + 5% and the relative error in the calibration curves 
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was + 6%, giving a relative standard deviation in the data of + 8%. 

Blanks—Blank analyses were performed by sampling zero air and analyzing the tube 
sets. The average nitrous acid blank response was 0.03 + 0.002 ppb, the nitrogen dioxide 
blank was 0.06 + 0.02 ppb, the nitric acid blank was 0.10 + 0.004 ppb, and the nitric 
oxide blank was 0.12 + 0.05 ppb. The magnitude of the nitric acid blanks was 12% of the 
average of the HNO, data collected. The nitrous acid and nitrogen dioxide blanks were 
4% and 2%, respectively, of the average of the HNO, and NO, data collected, and the 
nitric oxide blanks were less than 2% of the average of the NO data obtained. 


RESULTS AND DiscussioN—The Gulf of Mexico analyses provided both location-de- 
pendent and location-independent concentration information. The levels of nitrogen com- 
pounds observed during cruising periods varied dramatically, with higher concentra- 
tions found when approaching urban areas and lower concentrations found when movy- 
ing away from coastal areas and at remote sites. Figure 2 shows the concentration varia- 
tion of the four NOx gases during the entire cruise. 

Note the rapid decline in NO concentration upon leaving Tampa Bay on May 18. 
This was to be expected, as NO is the main NOx component in urban areas where fossil- 
fuel-burning power facilities and automobile emissions are major sources of nitric oxide 
(Finlayson-Pitts and Pitts, 1986). There was an increase in NO concentration on arriving 
at the Dry Tortugas on the morning of May 19, which was likely due to boat and seaplane 
traffic near the docking area where the R/V Suncoaster moored from about 7:00 a.m. 
until 10:00 a.m. The NO concentration remained fairly high for the rest of the day as the 
R/V Suncoaster was anchored west of Fort Jefferson facing a southeast wind. The low- 
est nitric oxide concentrations during the cruise were encountered during the night of 
May 19 at the Dry Tortugas anchorage. The other significant variations occurred upon 
approaching Key West and during a one-hour period when the R/V Suncoaster assisted a 
boat in distress at 4:00 p.m. on May 20. There was no increase in NO concentration 
when entering Tampa Bay on May 21. This was unexpected, as NO concentrations are 
usually rising at this time of day (9:00 a.m. to 11:00 a.m.), and the wind typically during 
this period is offshore, which would carry pollutants concentrated in the Tampa Bay area 
out to sea. Since the NO, concentration also decreased, it is likely that an area of little or 
no air movement, or an onshore air movement, was encountered during this sampling 
period. 

There was a slight decrease in NO, concentration upon leaving Tampa Bay and a 
significant increase on arrival at the Dry Tortugas, as was the case with nitric oxide. The 
NO, concentration increased once again on approaching Key West on May 20. A steady 
increase in concentration occurred during the night of May 20 and the morning of May 
21, as the R/V Suncoaster approached the southwest coast of Florida and, as with the 
NO concentration, decreased upon entering Tampa Bay. 

The HNO, concentrations encountered, as expected, were much smaller than those 
for NO and NO.,. Usually, the HNO, concentration remains low during the day because 
itis rapidly photolyzed to form NO and OH radical. Figure 2, however, shows instances 
when rapid increases in concentration occurred during the day, particularly on arrival at 
the Dry Tortugas on the morning of May 19 and on approaching Key West on the morn- 
ing of May 20. These results support the suggestion by Pitts and co-workers (1984) that 
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nitrous acid may be a primary pollutant, as well as a secondary one. Also, in areas where 
there is a significant amount of NO, recombination of NO and OH can occur, resulting in 
a small steady-state concentration of nitrous acid. Throughout the cruise, the HNO, con- 
centration, though always much lower, can be seen varying directly with the NO and 
NO, concentrations. 

There was a rapid decrease in HNO, concentration upon leaving Tampa Bay and an 
increase on arrival at the Dry Tortugas, after reaching a minimum during the night. There 
were also slight increases on approaching Key West and on returning to Tampa Bay. 

Figure 3 shows the NOx concentrations measured while anchored at the Dry Tortugas 
for twenty hours on May 19 and 20. These data generally showed the same kind of 
diurnal variations that have been found by other researchers to occur at remote sampling 
sites (Finlayson-Pitts and Pitts, 1986). There were occasions, however, when unusually 
high concentrations of NO, NO,, and HNO, were encountered, usually coinciding with 
the presence of local boat and air traffic near the island. The NOx levels measured during 
these episodes approached those normally encountered at urban sites, but were very 
transient in nature, decreasing rapidly when emission sources left the area. The lowest 
NOx levels found during the entire cruise occurred during the night at the Dry Tortugas 
site. 

The NO variation at this site was typical. Concentrations were highest during the 
daylight hours, with NO declining later in the afternoon. The NO concentration contin- 
ued to decline during the night, reaching a minimum just before sunrise. 

The NO, concentration reached a maximum during the morning hours of May 19 
before decreasing in the early afternoon. Nitrogen dioxide would be expected to reach a 
peak later in the afternoon, as NO is oxidized to NO, by organic radicals and ozone. 
Before noon, the NO, concentration was higher than the NO concentration, with both 
gases showing the same kind of variation. After noon, the NO, concentration decreased 
significantly, and the NO concentration increased somewhat before decreasing again at 
sunset. In urban areas, the reverse of this trend usually occurs, with NO concentrations 
reaching a peak in the early afternoon and then decreasing, as NO, is formed in oxidation 
reactions with NO. NO, concentrations remained below the 1.0 ppb level for the rest of 
the day and during the night. 

The HNO, concentration increased to a maximum just after sunrise and decreased, 
though not as rapidly as would be expected, reaching a minimum around midnight. The 
concentrations encountered during the night approached the lower concentration limit of 
detection, which was about 0.02 ppb HNO.. 

The HNO, concentration increased to a maximum during the day, decreasing near 
sunset, and reaching a minimum during the night. This was a typical variation for HNO,, 
as it is formed during the daylight hours in various reactions, acting as the major NOx 
sink in the atmosphere. 

Figure 4 shows the NOx diurnal variation at Bayboro Harbor, St. Petersburg, Florida. 
These analyses were performed during the twenty-two hour period following the return 
of the R/V Suncoaster. The concentrations found here were, in some cases, ten times 
greater than those found at sea. The trends, however, were the same, as NO reached a 
peak in the early afternoon and decreased rapidly towards sunset, reaching a minimum 
just before sunrise, when the concentration began to increase. The NO concentration 
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was much higher than the NO, concentration, until late in the afternoon, when the NO 
began to be consumed in reactions forming NO.,. 

In the case of NO,, concentrations increased to a maximum in the early afternoon, 
decreased, increased again before sunset, and then dropped off rapidly after sunset. A 
small increase in NO, concentration occurred at sunrise. An increase in the late after- 
noon, before sunset, was more typical of NO, variation. Both NO and NO, reached 
minimum concentrations during the night. 

The HNO, concentration reached a maximum during the middle of the afternoon 
and decreased after sunset, becoming immeasurable at midnight. As was seen at the Dry 
Tortugas site, when internal combustion powered traffic was in the sampling area, the 
HNO, increased along with the NO and NO, concentrations. HNO, levels were typical, 
reaching a maximum during the day, decreasing rapidly after snes and rising again 
after sunrise. 

While point to point variation in atmospheric gas concentration can be large, the 
majority of data collected on this cruise support the known and documented behavior of 
the four NOx gases, particularly with respect to NO, NO,, and HNO., and their respec- 
tive location and diurnal variation patterns. These data also support ine validity of the 
hollow tube collectors as a simple and effective means of speciating and analyzing atmo- 
spheric NOx compounds at sub-ppbv concentration levels. 
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TABLE 1. Automatic Analyzer Calibration Lines 
Equation N r 
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2. nmols nitrogen = S - 8.59 o 10° - 0.34 5 
3. nmols nitrogen = S - 8.59 co 10° - 0.16 


0.999 
*S = machine integration counts, N = calibration points used, r = correlation coefficient 
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FIG. 1. R/V Suncoaster Cruise Track, May 18-22, 1987. 
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Environmental Chemistry 


A COMPUTER-GENERATED (Q-BASIC) PROGRAM TO CONSTRUCT 
MAUCHA DIAGRAMS 


ANDREW HASSELL AND DEAN F. MARTIN 


Institute for Environmental Studies, Department of Chemistry, 
University of South Florida, Tampa, FL 33620 


ABSTRACT: A computer program, written in Q-BASIC, generates Maucha diagrams. These can be used to 
demonstrate significant changes in the relative proportions of eight major ions in lakes and other natural 
waters. The ionic diagrams are easily generated with minimum inputs with a user-prompting program. 


DurinG earlier evaluations of the effects of augmenting lakes with deep-well water, 
it was shown that the practice led to significant increases in pH, hardness, and the con- 
centration of inorganic carbon in receiving lakes (Martin et al., 1976a). Those findings 
helped explain the observation that the growth of certain nuisance submersed aquatic 
macrophytes , e.g., Hydrilla verticillata Royle (hydrilla) was enhanced in the presence 
of ground water (Martin et al., 1976b). 

Ionic field diagrams, first developed by Maucha (1932), and described again by 
Hutchinson (1975), and by Broch and Yake (1969), were used to characterize the lake 
water chemistry. 

In addition, it was demonstrated using ionic field diagrams that the pre-augmenta- 
tion diagram from Lake Starvation matched the ionic diagram for Lake Hobbs (which 
had not been subjected to ground-water augmentation). However, the post-augmenta- 
tion diagram for Lake Starvation was virtually identical to the ionic diagram for ground 
water from the Floridan aquifer. In addition, the ionic diagrams for Lake Hobbs showed 
that the relative proportions of the eight ionic constituents had not changed. 

This paper provides a convenient program for calculating Maucha or ionic-field 
diagrams. 


MetHops-—A program, using QBasic (Halvorson and Rygmyr, 1991; Shammas, 1993) 
and a PC computer, was written that permits input of basic concentrations and the size 
of the desired diagram, then calculates the characteristics of the Maucha diagram for 
four cations and four anions (Hassell, 1994). The specific details of the program and 
appropriate documentation are given in the Appendix. 


RESULTS AND DiscusstoN—There are several steps in generating a Maucha plot. 

The first step is to decide the size of the circle that forms the basis of the Maucha 
plot. Thus, determine the radius of the circle desired. Then draw a circle with this radius. 
With this program, this is done by entering the desired area of the circle when requested. 
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Next, given the radius, one would draw a circle with the x-axis, y-axis, and four 45- 
degree axes (Fig la). This is done automatically by the program, given the desired 
radius. 

The next step is data conversion. The concentrations for four cations (sodium, po- 
tassium, magnesium, calcium) and four anions (chloride, sulfate, carbonate and bicar- 
bonate) are expressed as g/L (1000 x ppm), then converted to equivalent weights/liter. 
Once this is done, the equivalent weight percentage for each ion is calculated (Eqn 1) 

Equivalent weight percent = 
(Equivalent weight for ion/total equivalent weights) x 100 (1) 

Next, one calculates the length of the line that must be drawn from the center of the 
circle (Eqn. 2) 

Distance = (Equivalent weight percent for ion) (2) 
(Radius x sin (0.196349) 

That calculated distance is used to draw a line connecting the center of the circle to 
a point that bisects each quadrant (Fig. 1b). The terminal end of the quadrant-bisecting 
line is then connected to the circle (Fig. 1c, and extraneous lines are carefully erased). 

The procedure is repeated seven more times for the remaining ions, and the com- 
pleted plot is obtained (Fig. 2). 

Ionic plots are useful for comparing lake chemistry, input of ground water (Dooris 
and Martin, 1979), salt-water intrusions (Martin et al., 1991), and other changes. The 
problems with ionic or Maucha diagrams until now has been their construction. With 
the availability of a user-friendly program, that limitation no longer exists. 

The program is an interactive one. To run the program from a disk, select the disk 
drive (e.g. a:), then type in “Maucha’’, then hit enter. A series of questions are asked re: 
the requested size of the diagram, as well as values for different constituents. The se- 
quence and suggested typical answers to the questions is summarized (Table 1). A plot is 
presented on the screen, and it can be produced from the screen, assuming your software 
supports this activity. Additionally, the information necessary for drawing the diagram 
will be printed out: the radius of the circle (6.9 units for 150 unit? ), the distance for each 
section, and the angle and the x, y coordinates (cf Table 1). 

If available software doesn’t support a printout, the diagram can be constructed 
from the data provided (Table 1), as can be illustrated in the following sequence. First 
draw a line of desired distance, e.g. 9.80 cm (see Table 1), as provided by the program in 
response to the question about area (300 cm7’) fora circle divided into eight parts (Fig 
la). Next lines are drawn to provide the correct distance for each constituent (Fig. 1b), 
typically with the anions on the left side and the cations on the right. For a given con- 
stituent, lines are drawn to connect the drawn line to the Maucha circle (Fig. Ic). The 
procedure is repeated seven more times until a completed Maucha diagram plot results 
(Fig. 2). 

As noted previously, the real advantage of the Maucha diagram is to be able to 
compare trends visually, so the ability to produce several diagrams with ease becomes 
significant. The program described here should help in that activity. 
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TABLE |. Suggested (representative) values for constructing a Maucha diagram using the Maucha 
program. 


Question Suggested response Results 
Units Angle 
Area 300 
Constituents, mg/L? 
Potassium Derg) I} 0.99 DS 
Sodium 1.11 0.79 67.5 
Calcium 15.8 12.93 IDES) 
Magnesium 1.84 Zea SWS 
Chloride 24.40 8.31 247.5 
Sulfate O23 4.31 20255 
Bicarbonate 26.5 TO 2o2°5 
Carbonate 0.04 0.02 S/d 
“This is the order of the questions asked by the program 
CO; K 
iCO, 
Na 
50, 
Cl Mg = 


FIG 2. A completed Maucha diagram constructed using the data provided by the Qbasic program The 
diagram refers to Lake Starvation, northwest Hillsborough County; water sample obtained January 30-31, 
1993) 


No. 3 | 995] HASSELL AND MARTIN-COMPUTER-GENERATED PROGRAM TO CONSTRUCT MAUCHA DIAGRAMS 303 


ACKNOWLEDGMENTS—We are grateful to Barbara B. Martin, who served as Consulting Editor. 


LITERATURE CITED 
Brocn, E. S. AND W. YAKE. 1969. A modification of Maucha’s ionic diagram to include ionic concentration. 
Limnol. Oceanog. 14:933-935. 
Doonris, P. M. AND D. F. Martin. 1979. Ground-water induced changes in lake chemistry. Ground Water 17:324- 
S27: 
Hatverson, M. And D. Rycmyr. 1991. Running MS-DOS Basic. Microsoft Press. Redmond, WA. 
Hasse LL, A. L. 1994. M.S. thesis, Department of Chemistry, University of South Florida, Tampa, FL. 
Hutcuinson. G. E. 1975. A Treatise on Limnology. I. Geography, Physics, and Chemistry, John Wiley & Sons, 
Inc., New York,N.Y. 
Martin, D. F., D. Victor, AND P. M. Doorts. 1976a. Effects of artificially introduced ground water upon the 
chemical and biochemical characteristics of six Hillsborough County (Florida) lakes. Water Res. 10:65- 
69. 
, D. VICTOR, and P. M. DOORIS. 1976b. Implications of lake augmentation on growth of 
Aydrilla. Environ. Sci. Health A11:245-253. 
, C. D. NORRIS, and B. B. MARTIN. 1991. Intrusion indices-A measure of ground water 
quality. J. Environ. Sci. Health A26: 899-910. 
Maucna, R. 1932. Hydrochemisce Methoden in der Limnologie.Binningewasser 12: 173 pp. 
SHAMMAS, N. C. 1993. Teach Yourself Qbasic in 21 Days. SAMS Publishing, Carmel, Indiana. 


Florida Scient. 58(2): 298-312. 1995 
Accepted: May 3, 1995 


FIG. 1. Steps in constructing Maucha diagrams. 
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REM This program will produce data to enable you to create Maucha plots. 

REM The reference for these plots can be found in Limnology and Oceanography 
REM , November 1969, vol. 14, No. 8, pages 933 - 935. 

REM This program was written by A. L. Hassell, to reduce the number of 

REM calculations required for his masters thesis. 


DECLARE SUB areacircle (area AS SINGLE, radius AS SINGLE, pi AS SINGLE) 
DECLARE SUB setup (inform() AS ANY, radius AS SINGLE, lakename AS STRING) 
DECLARE SUB convert (inform() AS ANY) 
DECLARE SUB sumitup (inform() AS ANY, sum AS SINGLE) 

DECLARE SUB percentage (inform() AS ANY, sum AS SINGLE) 

DECLARE SUB DISTANCE (inform() AS ANY, radius AS SINGLE, pi AS SINGLE) 
DECLARE SUB puttoscreen (inform() AS ANY) 

DECLARE SUB hardcopy (inform() AS ANY, radius AS SINGLE, lakename AS 
STRING) 

DECLARE SUB plotit (inform() AS ANY) 

DECLARE SUB mistake () 

DECLARE SUB asleep (secs AS DOUBLE) 


TYPE newelement ‘Defining a new data type called newelement.’ 
ion AS STRING * 12 
value AS DOUBLE 
plotangle AS DOUBLE 
x AS DOUBLE 
y AS DOUBLE 
ppm AS DOUBLE 
xordinate AS DOUBLE 
yordinate AS DOUBLE 
equiv AS DOUBLE 

END TYPE 


DIM init, final AS INTEGER ‘Defining other Misc. variables.’ 
nit — t 

final = 16 

OPTION BASE 1 

DIM inform(init TO final) AS newelement 

DIM check1 AS SINGLE 

DIM area AS SINGLE 

DIM radius AS SINGLE 

DIM pi AS SINGLE 

DIM ans1, ans2, ans3, sum AS SINGLE 

DIM lakename AS STRING 

GOSUB initialscreen ‘Goes to initial start up screen.’ 
check = 0 ‘Main Program code.’ 
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DO WHILE ans3 <> 2 
ELS 
LOCATE (7) 
PRINT TAB(20); “Enter 1. To calculate values for Your Maucha plot.” 
PRINT 
PRINT TAB(20); “Enter 2. To exit this Program.” 
PRINT 
PRINT TAB(20); : INPUT ans3 
IF ans3 = 1 THEN 
CALL areacircle(area, radius, pi) 
CALL setup(inform(), radius, lakename) 
CALL convert(inform()) 
CALL sumitup(inform(), sum) 
CALL percentage(inform(), sum) 
CALL DISTANCE(nform(), radius, pi) 
CES 
CALL plotit(inform()) 
CES 
CALL puttoscreen(inform()) 
CES 
LOCATE (10) 
PRINT TAB(20); “Do you wish a Print Out of Your Data ???” 
PRINT TAB(20); “Enter 1. YES”: REM To get a printout of data only! 
PRINT TAB(20); “Hit Enter if No.” 
PRINT TAB(20); : INPUT check] 
IF check] = 1 THEN 
CALL hardcopy(inform(), radius, lakename) 
END IF 
ELSEIF (ans3 <> 1) AND (ans3 <> 2) THEN : REM error handling 
CALL mistake 
END IF 
EOOP 
CES 
ERASE inform ‘Destroys data type and memory links!’ 
END 


initialscreen: ‘Start up screen for the program.’ 
SCREEN 8 
WINDOW (30, 0)-(620, 200) 
COLOR 15, 0 
VIEW (40, 10)-(600, 190), 0, 4 
VIEW (50, 20)-(590, 180), 0, 14 
VIEW (60, 30)-(580, 170), 0, 2 
LOCATE 9, 25: PRINT “Welcome to Maucha Plot Calculations” 
LOCATE 13, 35: PRINT “Time:”; TIMES 
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LOCATE 15, 35: PRINT “Date:”; DATE$ 
LOCATE 18, 33: PRINT “By A. L. Hassell.” 
CALL asleep(5) 
BEEP 
CLS 
SCREEN 0 
COLOR 11 
RETURN 


SUB areacircle (area AS SINGLE, radius AS SINGLE, pi AS SINGLE) 


area = 0 “This SUB calculates the area of the circle’ 
DO ‘to be drawn for the plot.’ 

CLS 

LOCATE (7) 


PRINT TAB(13); “To find the radius of the circle that must be drawn, “ 
PRINT TAB(13); “Please enter the desired area of the circle (ex. 300)...” 
PRINT TAB(13); : INPUT area 
IF area <= 0 THEN 
CALL mistake ‘Error handling!’ 
ELSE 
pi = 4! * ATN(1) 
ansl = (area / 16!) 
ans2 = SIN((360 * pi) / (2 * 16 * 180)) 
radius = SQR(ans1 / ans2) 
LOCATE (12) 
PRINT TAB(13); “Draw a circle with a radius (assuming constant units), “ 
PRINT TAB(13); : PRINT radius 
CALL asleep(5) 
GIES 
END IF 
LOOP UNTIL area > 0 
END SUB 


SUB asleep (secs AS DOUBLE) 
DIM timevar1, timevar2, timepassed AS DOUBLE 
DIM s AS STRING ‘This Sub pauses the program for a few’ 
timevarl = TIMER ‘seconds (variable).’ 
DO 
timevar2 = TIMER 
timepassed = timevar2 - timevar1 
LOOP UNTIL (timepassed >= secs) 
END SUB 


SUB convert (inform() AS newelement) 
DIM xx AS DOUBLE ‘This sub program converts (mg/L) to (equivalent’ 
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‘weight/L).’ 
CLS 
PRINT 
PRINT “Converting (mg/L) to (equivalent weight/L) for the following.... “; 
PRINT 
PRINT 
PRINT TAB(1); “ pacibase Jp 
PRINT TAB(1); “Analyte PPM (Equivalent weight/L)” 
PRINT TAB(1); “ ‘ 
FOR i= 1 TO 16 
xx =1 MOD 2 
IF xx = 0 THEN 
IF I<6 ORI>10THEN 
inform(i).value = (inform(i).value / (1000 * inform(i).equiv)) * 1 
ELSE 
inform(i).value = (inform(i).value / (1000 * inform(i).equiv)) * 2 
END IF 
PRINT USING “& ####.## HHH HH”: inform(i).ion; inform(i).ppm; 
inform(i).value 
END IF 
NEXT 
PRINT TAB(1); “ ” 
PRINT TAB(1); 665K 2 OK 2K OK OK OK 2K OK OK OK OK OK OK OK OK OB OK OK OK OK OK OK OK OK OK OK OK OK Ok OK OK OK OK KK OK OK OK OK OK KKK? 
PRINT TAB(1); “ s 
CALL asleep(10) 
BEEP 
END SUB 


SUB DISTANCE (inform() AS newelement, radius AS SINGLE, pi AS SINGLE) 
DIM zz AS DOUBLE ‘This SUB calculates the length of the line’ 
‘drawn from the origin to (0,0), for each’ 
‘analyte.’ 
FOR’ = 1 TO 16 
7j—=t NOL 2 
IF zz = 0 THEN 
inform(1).value = ((inform(i).value / 2) / (radius * SIN((360 * pi) / (180 * 16 * 2)))) 
END IF 
NEXT 
END SUB 


SUB hardcopy (inform() AS newelement, radius AS SINGLE, lakename AS STRING) 
DIM vv AS DOUBLE ‘This SUB sends a summary of the data to the printer.’ 

CES 

LPRINT 

LPRINT 
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LPRINT TAB(1); “ 

LPRINT TAB(1); 
663K OK OK OK OK OK 2K OK OK OK OK OK OK OK OK OK OK KO OO OK OK OK OK KK KK OK KK OK KOK OK OK OK OK OK OK KK KK KK OK KK KE KEK KR KK RE OREKKKEKKKKKY? 
LPRINT TAB(1); 
LPRINT 


LPRINT TAB(10); “Date:”; DATE$ 
LPRINT TAB(10); “Time:”; TIMES 
LPRINT 
LPRINT TAB(10); “The following information is for,’; SPC(2); lakename 
LPRINT 
LPRINT TAB(10); “Draw a circle with radius, ““; SPC(2); radius 
LPRINT TAB(10); “N.B. It is assumed that Zero (0) degrees is the Dosa 
LPRINT TAB(10); “ = Y - Axis (North...) “; “”’ 
LPRINT 
LPRINT 
LPRINT TAB(1); 
LPRINT TAB(1); “Analyte PPM Distance Angle X-ordinate Y-ordinate” 
LPRINT TAB(1); “ 
LPRINT 
FORT =1-10 16 
vv =i MOD 2 
IF vv = 0 THEN 
LPRINT USING “& #4444 OO#HRAL HE FRA EHH RE HP’; (infform(i).10n); 
(inform(i).ppm); (inform(1).value); inform(i).plotangle; inform(1).xordinate; 
inform(1).yordinate 


END IF 
NEXT 
LPRINT TAB(1); “ 
LPRINT TAB(1); 
6 6K ae 2k of ok i 2 2K 2K 2 2 KK 2 2 2K ok 2 2K ok 2 2K aK 2 2 OK a 2 OK KO 2 KK OK 2 OK OO OK OK OK KO OK KK OK OK OK KOK OK OK OK OR OK OK BK OK EE OK KER? 
LPRINT TAB(1); 


6 62K ok ok 2k kk 2 2K 2 2 2K 2k 2k ok i 2K 2K ok 2K OK 2 2K i ok i 2 i 2K ok Ko oo a i KK OK OK OK OK OK OK OK KK OK OK 2 OK OK OK OK OK OK OK OK OK OK OK OK OK OK OE OK OK OK KK? 


LPRINT TAB(1); “ 


LPRINT 
END SUB 


SUB initialscreen ‘Start up screen for the program.’ 
SCREEN 8 
WINDOW (30, 0)-(620, 200) 


No. 3 1995] _HASSELL AND MARTIN-COMPUTER-GENERATED PROGRAM TO CONSTRUCT MAUCHA DIAGRAMS 


COLOR 15, 0 
VIEW (40, 10)-(600, 190), 0, 4 
VIEW (50, 20)-(590, 180), 0, 14 
VIEW (60, 30)-(580, 170), 0, 2 
LOCATE 9, 25: PRINT “Welcome to Maucha Plot Calculations” 
LOCATE 13, 35: PRINT “Time:”; TIMES 
LOCATE 15, 35: PRINT “Date:”; DATE$ 
LOCATE 18, 33: PRINT “By Andrew Hassell.” 
CALL asleep(5) 
BEEP 
CES 
SCREEN 0 
COLOR. 11 
RETURN 
END SUB 


SUB mistake 
‘This SUB is executed when you make a logical’ 
CLS ‘or numerical mistake.’ 
LOCATE (10) 
COLOR 4 
BEEP 
PRINT TAB(20); “You have made an invalid choice............. ee 
PRINT 
PRINT TAB(20); “Please Try again !!!” 
PRINT 
CALL asleep(2) 
Crs 
COLOR 11 
END SUB 


SUB percentage (inform() AS newelement, sum AS SINGLE) 
DIM ww AS DOUBLE ‘This SUB calculates the % Equivalent Weight’ 
‘for each analyte.’ 
FOR1—=1 TO 16 
ww =i MOD 2 
IF ww = 0 THEN 
inform(i).value = (inform(i).value / sum) * 100 
END IF 
NEXT 
END SUB 


SUB plotit Gnform() AS newelement) 
DIM size, x1, x2, factor, newangle, opposite, adjacent AS DOUBLE 
DIM drawchoice AS SINGLE ‘This SUB plots the Maucha Plot to screen.’ 
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DO 
LOCATE (5) 
PRINT TAB(2); “This program will now display your plotted Maucha plot on the” 
PRINT TAB(2); “computer screen.” 
PRINT 
PRINT TAB(2); “The bigger the axis you select the smaller your plot will “ 
PRINT TAB(2); “appear on the screen” 
PRINT 
PRINT TAB(2); “You now have the option to change your plot size........ 
PRINT 
PRINT 
PRINT TAB(2); “Enter 1. To Use default axis size (20,20).” 
PRINT TAB(2); “Enter 2. To define your own axis size (aye 


INPUT drawchoice 

size = 20 

IF (drawchoice = 1) THEN 
size = 20 


ELSEIF (drawchoice = 2) THEN 
PRINT TAB(2); “For Your Maucha plots to make any graphical sense you should” 
PRINT TAB(2); “try to use the same axis size for ALL of your plots.” 
PRINT TAB(2); “What size axis would you like to use (N.B. < 500) ?” 
INPUT size 
IF (size <= 0) OR (size > 500) THEN 
drawchoice = 0 
CALL mistake 
END IF 
ELSEIF (drawchoice <> 1) OR (drawchoice <> 2) THEN 
CALL mistake 
END IF 
LOOP UNTIL (drawchoice = 1) OR (drawchoice = 2) 
factor = 4 * ATN(1) / 180 
midd = size / 2 
FOR T= 17Oi6 
IF inform(i).plotangle <= 90 THEN 
opposite = inform(i).value * SIN(factor * inform(i).plotangle) 
adjacent = inform(i).value * COS(factor * inform(i).plotangle) 
ELSEIF inform(i).plotangle > 90 AND inform(i).plotangle <= 180 THEN 
newangle = inform(i).plotangle - 90 
newangle = 90 - newangle 
opposite = inform(i).value * SIN(factor * newangle) 
adjacent = inform(i).value * COS(factor * newangle) 
adjacent = adjacent * (-1) 
ELSEIF inform(i).plotangle > 180 AND inform(i).plotangle < 270 THEN 
newangle = inform(i).plotangle - 180 
opposite = inform(1).value * SIN(factor * newangle) 
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adjacent = inform(1).value * COS(factor * newangle) 
opposite = opposite * (-1) 
adjacent = adjacent * (-1) 
ELSEIF inform(i).plotangle >= 270 AND inform(i).plotangle < 360 THEN 
newangle = inform(i).plotangle - 270 
newangle = 90 - newangle 
opposite = inform(i).value * SIN(factor * newangle) 
adjacent = inform(1).value * COS(factor * newangle) 
opposite = opposite * (-1) 
END IF 
inform(i).xordinate = opposite 
inform(i).yordinate = adjacent 
inform(i).x = opposite + midd 
inform(1i).y = adjacent + midd 
NEXT 
SCREEN 11 
WINDOW (0, 0)-(size, size) 
CLS 
LINE (midd, 0)-(midd, size) ‘Drawing lines out from the center of the circle.’ 
LINE (0, midd)-(size, midd) 


FORa— !1O'16 

LINE (midd, midd)-(inform().x, inform(i).y) 
NEXT 
BOR t= 1 TO 15 ‘Connecting lines.’ 


LINE (inform(i).x, inform().y)-(inform(i + 1).x, inform(i + 1).y) 
NEXT 
LINE (inform(1).x, inform(16).y)-Gnform(1).x, inform(1).y) 
CALL asleep(5) 
SCREEN 0 
COLOR 11 
END SUB 


SUB puttoscreen (inform() AS newelement) 
DIM bz AS DOUBLE ‘This SUB puts data to the screen.’ 
CLS 
PRINT TAB(1); “It is assumed that Zero (0) degrees is the positive “ 
PRINT ABC): -Y - Axis (North:..) “; °°’ 
PRINT 
PRINT TAB(1); “ 
PRINT TAB(1); “ANALYTE DISTANCE ANGLE X-ordinate Y-Ordinate “ 
PRINT TAB(1); “ 
FOR i= 1 TO 16 
bz —1T VOD 2 
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LOCATE (7) 
PRINT TAB(20); “Enter the mg/L of,”; inform(i).ion 
PRINT TAB(20); : INPUT inform(i).value 
CLS 
IF Gnform(i).value <= 0) OR (inform(i).value >= 5000) THEN 
CALL mistake 
checkit = 2 
ELSE 
inform().ppm = inform(i).value 
checkit—a 
END IF 
LOOP UNTIL checkit = 1 
ELSE 
inform(i).value = radius 
END IF 
IF ax = 0 THEN 
inform(1).plotangle = ax 
ELSE 
inform(1).plotangle = ax 
END IF 
ax = ax + 22.5 ‘Increments the angle.’ 
NEXT 
END SUB 


SUB sumitup (inform() AS newelement, sum AS SINGLE) 
DIM yy AS DOUBLE ‘This SUB sums the Equivalent Weights.’ 
sum = 0 
FOR T=1 10) 16 
yy =1MOD 2 
IF yy = 0 THEN 
sum = sum + inform(i).value 
END IF 
NEXT 
END SUB 
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Biological Sciences 


AN OBSERVATION OF A BASKING SHARK, CETORHINUS MAXIMUS, 
FEEDING ALONG A THERMAL FRONT OFF THE EAST CENTRAL 
COAST OF FLORIDA 


Barry K. Cuoy! anp Douctas H. ADAMs? 


‘) National Weather Service Office, 421 Croton Rd., Melbourne, FL 32935 
Florida Department of Environmental Protection, Florida Marine Research Institute, 
1220 Prospect Ave., Suite 285, Melbourne, FL 32901 


AssTRact: On 25 January 1994, a basking shark, Cetorhinus maximus, estimated to be 4.5 m TL (Total 
Length) was observed actively feeding along a distinct ocean surface front, which was oriented north to south 
in the offshore waters near Cape Canaveral, Florida. Satellite observations and surface oceanographic mea- 
surements made in the area revealed an acute sea surface temperature and clarity difference across the front. 
Additionally, seaweed (Sargassum sp.) and anthropogenic debris had collected along the interface between 
the two apparent water masses, making the zone visible for several kilometers. The shark was feeding at the 
surface along the warmer and more clear eastern side of the frontal boundary. This observation, coupled with 
past records, lends further support to the hypothesis that fronts may serve as important foraging areas for 
basking sharks. 


Tue basking shark, Cetorhinus maximus, is a large, coastal-pelagic species found 
globally in boreal and warm-temperate waters. In the western North Atlantic, the species 
ranges from Newfoundland south to Florida (Compagno, 1984). Wood (1957) first re- 
ported this species in Florida waters, and Springer and Gilbert (1976) reported further 
observations; however, reports of basking sharks in Florida waters are rare. Basking 
sharks are currently protected in Florida waters, where it is unlawful to harvest, possess, 
or Sell the species. 

Basking sharks are planktonic filter-feeders which rely solely on the flow of water 
across their gillrakers to filter particulate matter from the respiratory stream of sea water. 
Prey items include copepods, chaetognaths, larval and adult crustaceans, and fish eggs 
(Matthews and Parker, 1950; Parker and Boeseman, 1954, Wood, 1957; Mutoh and Omori, 
1978; Baduini, 1995). Although basking sharks have been observed from the outer surf 
zone to open oceanic regions feeding individually, in pairs, and in groups (Hallacher 
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1977; Compagno, 1984; Baduini, 1995), their pelagic nature, extensive range, and rela- 
tive rarity have made observations of feeding behavior infrequent. Priede (1984) and 
Baduini (1995) have proposed that basking sharks usually feed actively in areas where 
there are high concentrations of plankton. Priede (1984) suggested, using results from 
enhanced infrared satellite imagery in conjunction with simultaneous position informa- 
tion from a satellite tracked specimen, that foraging behavior may be more prevalent 
near frontal regions located between water masses that have different properties. These 
frontal regions, noted as color or shade differences in infrared satellite imagery, are areas 
with strong thermal differences. Frontal boundaries are often rich in plankton (Pingree et 
al., 1974, 1976, 1977; Wolanski and Hamner, 1988; Grimes and Finucane, 199 1: Govoni 
and Grimes, 1992), which is advected toward and along these frontal regions, or produc- 
tion enhanced by upwelling nutrient rich waters. Owen (1984) reported that basking 
sharks were only occasionally sighted along oceanic fronts in New England waters; how- 
ever, direct observations of basking sharks actively feeding along frontal boundaries 
have not been documented in the literature. This note describes the observation of a 
basking shark actively feeding along a frontal boundary in waters off Cape Canaveral, 
Florida. 


MetuHops AND MaterIALS—Observations were made from a 10 m National Oceanic and Atmospheric 
Administration /National Weather Service (NOAA/NWS) research vessel during the SWIFT BOAT project 
(Choy and Trexler, 1994). The vessel was fitted with a Global Positioning System (GPS) and marine radar, 
which was used for electronic positioning and navigation. An array of meteorological instruments affixed to 
the vessel were used to determine wind speed and direction, air temperature, barometric pressure, and rainfall 
rate. A sling psychrometer and additional mercuric thermometers were used in measuring air temperature, wet 
bulb temperature, and sea surface temperature. 

Visual observations were noted and surface weather data were collected while the vessel drifted on 
station. Position, air temperature, wet bulb temperature, sea surface temperature, barometric pressure, wind 
speed and direction, cloud coverage, significant weather, and sea state at designated sampling stations offshore 
were recorded. Video and still photographs of the sea surface state and sky conditions were also recorded 
(Choy and Trexler, 1994). Video and still photographs were taken of the basking shark during this time. 


Resutts—On January 25, 1994, the vessel departed Port Canaveral at 1400 UTC 
(Universal Time Coordinated) or 0900 EST (Eastern Standard Time) on a routine mis- 
sion to make meteorological and oceanographic observations at 9-km (5-nm) intervals 
as the vessel traveled east-northeast to weather data buoy 41009, located at 28°30°04"N 
80°11°07"W, 33 km (18 nm) east of the tip of Cape Canaveral. At 1740 UTC (1240 
EST), a relatively dense “weed line” (area where surface debris collects) was observed at 
position 28°24’42"N 80°24’46"W, 17 km (9 nm) due east of the Port Canaveral en- 
trance. The charted depth of water at this location was 15 m at Mean Lower Low Water. 
Sea surface temperature (SST) measurements were made on the immediate east 
(28°24’43"N 80°24’46"W;1745 UTC) and west (28°24’41"N 80°24’°44"W;1746 UTC) 
flanks of the front. Two sets of SST measurements were made along the boundary. The 
first set was made at arrival, approximately 1740 UTC (1240 EST), and indicated a 
surface temperature of 17°C on the west side of the boundary and 19°C on the east side. 
Measurements made at the same locale a few minutes later indicated 18°C and 19°C, 
respectively. A distinct water color and clarity difference was also noticeable across the 
front. On the east side, the water was deep blue with better clarity whereas the water on 
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the west side was light milky-green with decreased clarity. Winds were light easterly at 3 
ms', and the seas had a very light chop atop a gentle easterly swell in the 0.5 to | m range 
(Table 1). A NOAA satellite image taken of the Cape Canaveral region on the same day 
confirmed the presence of the surface front in this area (Fig. 1). 


» BOW 


etd -t 


wwe SHARK OBSERVED 


Ficure 1. NOAA satellite image of the Cape Canaveral, FL region taken on 25 January 1994. (CC = Cape 
Canaveral, FL; WB = Weather Data Buoy 41009) 


316 FLORIDA SCIENTIST [VOL 58 


TABLE |. Oceanographic and meteorological data collected in waters off Cape Canaveral, FL on 25 January 
1994. 


Wind Temp. Barometric 
dir./vel. Air/Water Wave Wave Pressure 
Time (UTC) LAT/LONG Sky* Visibility (km) (deg/ms"') (CC) Ht. Gn) PerGeca ie Gnb) 


1436 28a 26 24 Ne LOSE 1] 080/0.5 17/21 1 5 1025.6 
80° 27' 37" W 

1455 28° 27'24"N 10SCT 11 090/5.0 20/23 1 8 1025.8 
80° 22' 09" W 

1512 28° 28'47"N  10SCT 13 090/4.0** = 22/23 1 1026.4 
80° 16’ 32" W 

1545 285 29 S4NG OSCT 13) 090/4.0 22/24 1 7 1025-9 
80° 11' 06" W 

1617 28229 DOUIN eee OSE 13 090/3.0 22/24 1 8 1026.0 
80° 18' 46" W 

1637 28% 30;027N SCR 13+ 090/1.0 17/23 l 8 1025.8 
80° 24' 26" W 

1721 Pigs 5) (WO INE (CIE gee 090/4.0 20/23 1 1025.0 
80°21 11" W 

1745 28° 24' 43" N CLR 13+ E090/2:02 7s 1 
80° 24' 46" W 

1746 285 2404IN= SCER 13+ E090/2.0 io 1 
80° 24' 44" W 


* Estimated height (m X100) and coverage of cloudiness; SCT = scattered (10-50% coverage) and CLR = 
clear (<10%) 

** With gusts to 6 ms"! 

*** Winds estimated (E) 


While collecting weather data in the area, a basking shark (approximately 4.5 m TL) 
was observed on the east side of the boundary (SST = 19°C), approaching the vessel 
from the north. The vessel maintained a position alongside the shark for over 20 minutes 
while observations were recorded on video tape and still photographs; after which the 
vessel resumed scheduled operations. Because it maintained course and displayed re- 
peated feeding behavior, the shark did not appear to be significantly influenced by the 
presence of the vessel in the area. By noting the speed indicated by the vessel’s GPS 
while alongside the shark, it was estimated that the shark was traveling at a speed over 
ground of approximately 1 ms" (2 kts). The shark’s cruising speed did not appear to vary 
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significantly for the duration of the observation. During the observation period, the shark 
tracked closely along the warmer and more clear east side of the frontal boundary. The 
shark remained within an estimated 20 m of the interface and did not cross the boundary 
into the western portion. For the duration of the observation, the shark remained at or 
near the surface, with its first dorsal fin and upper lobe of the caudal fin frequently above 
the surface of the water. The basking shark was actively feeding along the frontal bound- 
ary with its mouth open and its gills flared for the majority of the observation period. The 
shark closed its mouth only periodically and for short durations. 


DiscussioN—The seasonal occurrence of basking sharks in surface layers of tem- 
perate waters has been linked to periods of high plankton productivity (Kunzlik, 1988; 
Baduini, 1995) and water temperature (Squire, 1967; Owen, 1984; Lien and Fawcett, 
1986). It would be energetically efficient for basking sharks to feed in areas of high 
plankton abundance, and they have been observed to alter their course to remain in spe- 
cific plankton patches to feed. Priede (1984) suggested, but did not observe, that this 
species feeds more actively and more often when in regions that have high levels of 
plankton productivity or accumulation. The distribution and feeding behavior of other 
pelagic fishes (e.g., tunas) have also been related to the location of surface frontal bound- 
aries (Laurs et al., 1984; Fiedler and Bernard, 1987). Aerial sightings of basking sharks 
in association with oceanic fronts in other regions (Owen, 1984) and the observation of 
active feeding along the frontal region off Cape Canaveral further suggest that thermal 
fronts may be important foraging areas for the species. 

Using a bioenergetic model, Parker and Boeseman (1954) calculated that feeding 
during the winter season in temperate waters would not be energetically efficient for 
basking sharks. Parker and Boeseman (1954) also observed a loss of gillrakers during 
the fall and suggested that basking sharks undergo a period of reduced activity in which 
they do not feed in winter months. It was also theorized that basking sharks may spend 
these winter months in deep water (Parker and Stott, 1965). Lien and Aldrich (1982) 
noted evidence of this in the Gulf of St. Lawrence, where specimens were incidentally 
caught in bottom trawls. In Florida waters, a juvenile female basking shark (3.589 m TL) 
was captured off St. Augustine in February 1970 in a shrimp trawl at a depth of 17 m 
(Springer and Gilbert, 1976). This record coincides seasonally, spatially, and in size- 
class with the individual observed off Cape Canaveral. During this time of the year, 
basking sharks may be deep-water or midwater inhabitants and move towards surface 
waters only when conditions (e.g., food supply and temperature) are optimal (Springer 
and Gilbert, 1976), such as existed when the frontal zone was observed in January off 
Cape Canaveral. Additional observations are needed to better understand the distribu- 
tion of this species in Florida waters. 
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Environmental Chemistry 


DETERMINATION OF THE THERMODYNAMICS OF THE CALCIUM- 
HUMIC ACID COMPLEXATION BY AN ION SELECTIVE ELECTRODE 


Eppig D. GRAVLEY AND THOMAS J. MANNING 


Department of Chemistry, Valdosta State University, Valdosta, GA 31698 


ApstRACcT: The complexation between the divalent calcium cation (Ca**) and the polyelectrolyte humic 
acid (HA) was studied by a potentiometric titration technique using a calcium ion-selective electrode. Thermo- 
dynamic titrations were conducted at an ionic strength of 0.1 (NaCl), temperatures of 20, 25, 30, 35, and 40°C, 
and a pH of 6.0. The pK, of the humic acid was determined to be 4.43. The total carboxylate capacity of the 
humic acid was determined to be 8.62 meq/g. Using data obtained in these titrations, the thermodynamic 
parameters (AG, AH, and AS) of the complexation were determined. The use of a Ca-ISE is a simpler, cleaner 
technique compared to past work done with radiotracers and solvent extraction. 


Humic substances (HS) encompass an important group of organic compounds gen- 
erated by decaying plant and animal matter in natural soils and waters. HS are found 
throughout the world and are probably the most widely distributed natural product, ac- 
counting for 30-50% of the DOC (dissolved organic carbon) (Thurman and Malcolm, 
1981). In dark swamp waters, the DOC may be as high as 50 ppm, with average values in 
the USA being 0.1 to 8.0 ppm (Choppin, 1988). HS play a significant role in the chem- 
istry of the environment because of their ability to bind and transport various heavy 
metals released as a result of industrial processes and human activities. It has also been 
shown to affect the growth rate of red tide organisms (Doig and Martin, 1974). Humic 
substances can also buffer solutions, solubilize insoluble organic compounds, and gener- 
ate trihalomethanes (Thurman et al., 1982; Schnitzer and Khan, 1972; Rook, 1977). 
Continued studies of HS will benefit the understanding of metal cation complexation 
and transport through the environment. 

Humic substances can be fractionated into three components: Humic acid is the 
fraction of HS that is insoluble in water under acidic conditions (pH < 2.0) but is soluble 
at higher pH values. Fulvic acid is the fraction of HS that is soluble in water under all pH 
conditions and Humin is the fraction of HS that is not soluble in water irregardless of pH. 
Humic acid is composed of a large, loosely defined group of aromatic and aliphatic 
structured organic compounds of high molecular weight with an upper mass limit of 
500,000 amu’s (Thurman et al., 1982; Hatcher et al., 1981; and Marley et al., 1992). 
Humic acid possesses a variety of functional groups arranged in nonrepetitive patterns 
making chemical characterization difficult (Choppin, 1992). 

The binding of cations by Humic acid can take place by two mechanisms; site bind- 
ing and territorial binding. Site binding involves the complexation of the cation to a 
specific functional group (eg. carboxylate, amine, etc.) that is part of the large macro- 


No. 4 1995] GRAVLEY AND MANNING—THERMODYNAMICS OF CALcTuM-Humic Acib CompLexation 32 | 


molecule. Although humic acid has a variety of functional groups, most metal cations 
are site bound via the carboxylate groups (Choppin and Allard, 1985). Under natural 
conditions (pH 5-7), phenols and amines remain largely protonated and typically will 
not complex Ca** significantly. Territorially bound cations are trapped within the large 
polyelectrolyte structure but are not bound to a specific site. 

Thermodynamic data (Choppin and Shanbhag, 1981; Dempsey and O’ Melia, 1983) 
indicate that in a environmental system rich in organic material, the transport of Ca** 
may be substantially affected by humic acid complexation. Choppin and Shanbhag (1981) 
used the radiotracer *Ca coupled with solvent extraction to determine the thermody- 
namic parameters of the Ca-HA complexation over the pH range 3.9 - 5.0 and at an ionic 
strength of 0.1 M (NaClO,). The AG values were determined for a narrow temperature 
range (275-307 K) in order to extrapolate the enthalpy (AH) and entropy (AS) values. 
Tuschall and Brezonik (1983) used a Cu-ISE to determine conditional stability constants 
(log 8') for the Cu-HA complexation. Dempsey and O’ Melia (1983) reported on the 
binding of Ca** to fulvic acid. Their work was incorporated into a study determining the 
processes by which humic substances are removed from natural waters. 

The work presented here was carried out with unfractionated humic acid in order to 
allow the experimental conditions to simulate those occurring in natural waters and soils. 
All work was carried out at a pH of 6.0 in order to minimize the effects of protonation 
(pK, of HA=4.5) on Ca” site binding. The advantages of the Ca-ISE technique proposed 
here will be discussed. 


METHODS AND MATERIALS—Uncomplexed Ca** was detected by a potentiometric titration technique using 
a Ca-ISE. The titrations were performed at five temperatures (20, 25, 30, 35, and 40 °C), an ionic strength of 
0.1 (NaCl), and a pH of 6.0. Humic acid solutions were prepared fresh before each titration by dissolving the 
proper amount (0.0502 + 0.0002 g HA) in aqueous solutions of 0.1 M NaCl in order to obtain sample solutions 
of approximately 7.984 x 10° N. This concentration of humic acid used for the sample solutions was deter- 
mined from pH titrations of humic acid with NaOH. Freshly prepared humic acid samples contained in 100 mL 
pyrex beakers were kept in a Precision R40 constant-temperature water bath while the titrations were per- 
formed. The samples were placed in the water bath 30 minutes prior to starting each titration to allow the 
temperature of the samples to equilibrate with the temperature of the water bath. The titrant for the potentio- 
metric titrations of humic acid was 0.0334 M CaCl.. Prior to starting the titrations and after temperature equili- 
bration, 0.0997 M HCI was used to adjust the pH of the humic acid samples to 6.0. The pH/pcH relationship 
was determined and utilized as needed. Nitrogen was bubbled through the NaOH for~12 hours before use and 
through the humic acid samples for 30 minutes prior to use in order to remove traces of CO,,. 

Potentials were measured with an Omega model ISE-8740 Ca-ISE and an Omega model PHE-4815 
reference electrode. An Omega (alpha) glass pH electrode was used to measure pH. Buffer solutions of pH 
4.00, 7.00, and 10.00 from Omega Engineering were used to standardize the glass pH electrode prior to begin- 
ning any work and whenever a temperature change was made. 

Instrumentation consisted of two Fisher Accumet model 15 pH meters: one to record pH and the other to 
record potential (mV). The relative precision for the Fisher Accumet 15 is + 0.1 mV and + 0.002 pH. Technical 
grade humic acid from the Aldrich Chemical Co. (Cat. no. H1,675-2) was used without further purification. All 
other chemicals were reagent grade from the Aldrich Chemical Co. and also used without further purification. 


RESULTS AND Discussion—The acidity constant was determined by pH titration to be 
pK =4.43. The total carboxylate capacity of the humic acid (described in terms of meq of 
carboxylate groups per gram of HA) was determined by evaluating the two maxima 
observed in the first derivative curve of the pH titration (Fig. 1). The first maxima occurs 
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at 6.68 meq/g; the total carboxylate capacity was determined from the second maxima 
and found to be 8.62 meq/g. The occurrence of two maxima has previously been re- 
ported in the literature (Torres and Choppin, 1984; Gamble et al., 1980; Minai et al., 
1992). Also, it has been suggested that there are two different types of carboxylate groups 
present in Humic acid (Torres and Choppin, 1984; Gamble et al., 1980). A proposed 
classification of the two different kinds of carboxylate groups suggests that the stronger 
acid groups are carboxylates “ortho” to phenolic groups on aromatic rings, while all 
other carboxylates fall in the second, weaker group (Gamble et al., 1980). There is evi- 
dence to show that this distinction between carboxylate groups is common in soil humics, 
but does not appear in aquatic humics (Minai et al., 1992). 

Uncomplexed Ca’* was calculated by substituting the observed potentials (mV) of a 
particular Ca-HA titration into an equation derived from the analytical curve data ob- 
tained at the same temperature (Fig. 2). Complexed Ca** was found by subtracting 
uncomplexed Ca** from the total Ca** added during the titration. The concentrations of 
free, complexed, total Ca**, and open sites were expressed in equivalents because humic 
acid is a large, poorly defined structure with no known molecular weight. 

Association constants for the Ca-HA complexation were found for the following 
equilibrium reaction (Choppin and Shanbhag, 1981): 

Ca**(aq) + HA™(aq)CaHA"? (1) 

The calculation of the association constants at the various temperatures used a stan- 
dard equation (Dempsey and O’ Melia, 1983): 

a (eq complexed Ca) 2) 
(eq open sites)(eqfreeCa) 

Here the term (eq open sites) was calculated by subtracting the equivalents of 
complexed Ca** from the total equivalents of open sites (carboxylate groups) present in 
solution. The total equivalents of open sites were determined from the total carboxylate 
capacity and the grams of humic acid used. This equation is valid only when a 1:1 com- 
plex for Ca-HA, which was shown by Choppin and Shanbhag (1981) is considered. 
Humic acid is a large, poorly defined structure that varies with pH (Dempsey and O’ Melia, 
1983; Tuschall and Brezonik, 1983). There is no designated molecular weight so the 
concentration of humic acid 1s typically expressed in equivalents (Choppin and Shanbhag, 
1981). 

The values for AG were calculated (from AG= - RT/nK) at five temperatures (20, 25, 
30, 35, 40 °C) with the results shown numerically (Table 1) and graphically (Fig. 3). The 
values for AH and AS were extrapolated using these data. The thermodynamic values 
that Choppin and Shanbhag (1981) determined for the *Ca-HA complexation are shown 
in Table 2 for comparison. 


ConcLusions—In this study, a Ca-ISE was used to measure the apparent association 
constant (log K) of the Ca-HA complexation at five temperatures. The values obtained 
for the thermodynamic parameters are in general agreement with those reported by 
Choppin and Shanbhag (1981). 
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Fic. 1. The pH titration data and first derivative curve for humic acid at 25 °C. 
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Fic.2.(a) Analytical curve at 25 °C, ionic strength of 0.2 M (NaCl), and pH 6.0. 
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Fic.2.(b) Titration of humic acid with Ca’* at 25 °C, ionic strength of 0.2 M (NaCl), and pH 6.0. 
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Fic 3.AG for the Ca-HA complexation plotted as a function of temperature with AH and AS being 
determined by a linear least squares analysis. 
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Table 1. Thermodynamic parameters and association constants of the Ca-HA complexation at 0.2 M ionic 
strength (NaCl) and pH 6.0. * Averaged over twenty values at each temperature. 


Temp (kelvin) AG (J/eq) log K’ 
293 -17544 + 195 S132 0103 
298 -17841 + 261 3213): 0:05 
303 -18461 + 325 SAO == O06 
308 -18943 + 456 S22 20:08 
313 -18959 + 265 3.17 + 0.04 


AS = 79 J/eq/K; AH = 5478 J/eq 


Table 2. Values obtained by Choppin and Shanbhag (1981) for Ca-HA at T=25°C, I=0.1 M (NaClO, + 
glycolate buffer): 


AG (kJ/eq) AH (kJ/eq) AS (J/eq/K) 


-12.64 + 0.46 0.0 42.3 + 0.2 


The thermodynamic data (AG) in Table 1 concur that a cation travelling through the 
environment will be affected by complexation with humic acid (Choppin, 1992). This is 
shown by the large positive entropy change which is the source of the favorable free 
energy of binding (Choppin, 1992). The use of ISE’s in this type of study demonstrates 
the ability of the Ca-ISE to detect the uncomplexed Ca’* with little interference from 
humic acid, relative low cost, and its ability to provide reliable results for solution ther- 
modynamics. Other areas being investigated at this university are the effects of territorial 
binding and high ionic strengths on the thermodynamic parameters of the metal-HA 
complexation. The Ca*’-acetate Jog K value at 0.1 M ionic strength and 25°C is 0.57 
(Smith et al. 1993). The Ca-HA Jog K measured here at 25°C is 3.13. In both cases, 
carboxylate groups are the predominant functional group involved in binding cations. 
An explanation for the discrepancy between these two values has not been offered. We 
suggest that the difference in the Ca-acetate and Ca-HA Jog K values can be rationalized 
in the following manner. Polyelectrolytes bind metal by two mechanisms: site binding 
and territorial binding. Site binding occurs when the cation directly binds a specific 
functional greup (e.g. carboxylate). Territorial binding occurs when the cation gets trapped 
in the molecular structure but is not bound to particular site. Therefore, the apparent 
binding energy (AG) consists of two components, site and territorial. 

eg SG el (3) 

A significant portion of the AG, for the Ca-HA interaction is the territorial compo- 
nent. A quantitative measurement of territorial binding for humic acid has not been of- 
fered in the literature. We are currently measuring AG,,_.. .., using the anion (F’) and a 
Fluorine ISE. Fluoride will not site bind any functional groups (e.g. R-COO)), therefore 


326 FLORIDA SCIENTIST [VOL 58 


any binding observed will be territorial. 
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AsstTrRact: The density of white-tailed deer (Odocoileus virginianus) on the Osceola National Forest (ONF) 
in northern Florida is low, whereas exploitation pressures are high. Proper habitat management is critical for 
enhancing population growth and will require knowledge of the quality of pine flatwoods forages. This study 
evaluated the nutritional quality (crude protein [CP], phosphorus [P], and in vitro organic matter digestibility 
[IVOMD]) of common gallberry (Ilex glabra), lowbush blueberry (Vaccinium myrsinites), and greenbriar 
(Smilax laurifolia) throughout an annual cycle on the ONF: Mean annual CP and P content and IVOMD of the 
3 forage species combined was 7.5%, 0.063%, and 42.5%, respectively. Nutritional quality of the forages 
differed among months for all 3 parameters (P < 0.001), and was deficient year-round with respect to the 
requirements of white-tailed deer. Low nutritional quality of forages during spring and summer may stress 
adult females during gestation and lactation, and contribute to the low productivity and fawn survival charac- 
teristic of deer populations in pine flatwoods habitat. The combination of prescribed fire in both dormant- and 
growing-seasons should be explored as a strategy for enhancing the growth and quality of deer forages in 
nutrient-poor pine flatwoods habitats. 


OsceoLa National Forest (ONF), which supports substantial sport hunting for deer, 
has been selected as a potential reintroduction site for Florida panthers (Felis concolor 
coryi). Because white-tailed deer are a principal food resource of Florida panthers (Maehr 
et al., 1990; Belden and Hagedorn, 1993), the deer population at ONF must be capable 
of supporting both a panther population (if reintroduction occurs) and recreational hunt- 
ing. Historically, deer densities in pine flatwoods, the characteristic habitat at ONF, have 
been low relative to densities in regions of greater soil productivity (Harlow, 1965a; 
Richter and Labisky, 1985). Annual track count surveys conducted by the Florida Game 
and Fresh Water Fish Commission (Ault, 1991) have indicated that the deer population 
at ONE has experienced a progressive decline of approximately 50% during the past 25 
years (Labisky et al., 1991). 

The productivity of deer in Florida is lowest among populations of deer in North 
America (Richter and Labisky, 1985). The number of fetuses per yearling and adult 
female averaged only 0.75 and 1.41, respectively, at ONF prior to the decline in popula- 
tion density (Harlow and Jones, 1965). The low rate of deer productivity in pine flatwoods 
habitats of northern Florida has been associated with low soil fertility and associated 
poor forage quality (Harlow and Jones, 1965; Richter and Labisky, 1985). The deer popu- 
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lation at ONF also has been characterized by low recruitment (Labisky et al., 1991). 
Because neither productivity nor physiological condition of deer in poor quality habitats 
in Florida appear to be density dependent (Shea et al., 1992; Balkom et al., 1994; Petrick 
et al., 1994), management of these habitats to increase forage quality is necessary to 
increase deer productivity. Such forest management decisions depend on a thorough 
knowledge of seasonal fluctuations in the quality of flatwoods forages. The objective of 
this study was to assess the nutritional quality of 3 important deer forages throughout an 
annual cycle at ONF. 


Stupy AREA—ONF is a 77,830-ha tract of very low relief located in Baker and Co- 
lumbia counties, Florida. Soils generally are poorly drained or very poorly drained, 
strongly acid (pH 5.1-5.5) to extremely acid (pH 4.0-4.4), and low to medium in plant 
nutrient levels (Avers and Bracy, 1979). The vegetation consists of pine flatwoods (65%), 
dominated by longleaf (Pinus palustris) and slash pine (P. elliottii var. elliottii), and 
interspersed swamps (35%). Saw-palmetto (Serenoa repens), gallberry, and lowbush blue- 
berry dominate the flatwoods understory (Avers and Bracy, 1979). Pinelands are pre- - 
scribed-burned at intervals of 3-5 years. The swamps are of 2 types: mixed bay (15%) 
and cypress (Taxodium spp.)-black gum (Nyssa sylvatica var. sylvatica and N. s. vat. 
biflora;)(20%). Dominant tree species in mixed bay swamps include sweet bay (Magno- 
lia virginiana), red maple (Acer rubrum), slash pine, and tupelo gum (N. aquatica); 
dominant understory species include fetterbush (Lyonia lucida) and swamp. bay (Persea 
palustris). Cypress, black gum, and sweet bay dominate in cypress-black gum swamps, 
with the understory comprised primarily of fetterbush. 

Deer density on ONF during the period spanning 1986-93, as determined by track- 
count surveys conducted by the Florida Game and Fresh Water Fish Commission, aver- 
aged | deer/32 ha in the still-hunt area and | deer/99 ha in the dog-hunt area. The live- 
stock grazing allotment on ONF during the study totaled approximately 1900 cattle. 


MeEtTHOps—Three plant species were selected as indicators of diet quality in northern Florida flatwoods 
habitat over the annual cycle: common gallberry, lowbush blueberry, and greenbriar; volumetrically, these 3 
species constituted 21% (7%, 2%, and 11%, respectively) of the diet of deer during fall and 36% of diet (22%, 
10%, and 4%, respectively) of deer during winter (Harlow, 1961 and 1965b). These species were selected 
because they were the most common of the 5 top-ranked (diet volume) browse species (Harlow, 1965b) within 
home ranges of radio-monitored deer on the ONF study area, and because they were available year-round. 
Nutrient levels in these species may not reflect the exact quality of deer diets because deer can be selective 
feeders; deer supplement their diet with other high-quality foods as they become available during the year 
(e.g., palmetto mast, mushrooms, herbaceous annuals and perennials). Although forage quantity is not be- 
lieved to be a factor limiting deer populations in flatwoods habitats (Harlow, 1959), the availability of high 
quality seasonal items likely is limiting (Harlow, 1972). Thus, the 3 species selected were considered as indi- 
cators of the quality of commonly available forages consumed by deer throughout the year. 

One sample of each of the 3 forage species was collected from = 10 randomly selected sites within the 
core area of the annual home range of each of 10 radio-monitored adult females at monthly intervals from 
September 1990-August 1991; mean monthly home range sizes ranged from a high of 51.7 ha (October) to a 
low of 12.8 ha (January) (Kilgo, 1992). Browse samples consisted of leaves (15 g dry matter) of the current 
annual growth collected from ground level to a height of 1.5 m. Samples were dried at 60°C for 48 hours, 
ground in a Wiley mill through a 1-mm screen, and analyzed for nitrogen (N) (crude protein [CP] = 6.25 x N) 
and phosphorus (P) content, and in vitro organic matter digestibility (VOMD). These are considered the most 
limiting nutritional parameters for ungulates in flatwoods ranges (Sollenberger, 1992). Nitrogen and P con- 
tents were determined using a modification of the aluminum block digestion procedure (Gallaher et al., 1975). 
IVOMD was determined by a modification of the 2-stage technique (Moore and Mott, 1974), using bovine 
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inoculum; bovine inoculum provides accurate measures of digestibility for deer foods (Palmer et al., 1976). 
Crude protein, P, and LYOMD values were compared with incomplete block-design (data missing for | deer- 
month) analysis of variance (ANOVA), using sampling area (deer home ranges) as blocks (PROC GLM: SAS 
Institute, 1989). When ANOVA revealed significant differences (P < 0.05), Duncan’s multiple range test was 
used to identify months that differed. 

To evaluate observed nutrient levels in relation to the nutritional requirements of deer, the year was 
divided into 3 biological periods based on the phenology of breeding and parturition for ONF (Richter and 
Labisky, 1985; Labisky et al., 1991): maintenance (Sep-Dec); gestation (Jan-Apr); and lactation (May-Aug). 
Estimates of CP requirements for white-tailed deer are 6-10% for maintenance (French et al., 1956; McEwen 
et al., 1957) and 14-24% for growth (Ullrey et al., 1967; Smith et al., 1975). Verme and Ullrey (1984) sug- 
gested that requirements for lactation likely approximate those for growth, and requirements for gestation are 
likely intermediate to those for maintenance and lactation, or approximately 10-14%. Estimates of minimum 
phosphorus requirements during gestation and lactation are 0.11-0.19% (Grasman and Hellgren, 1993). Dry 
matter digestibility requirements have been estimated at 50% (Ammann et al., 1973). 


Resutts—Mean annual CP was highest in Smilax (8.9%), and lowest in Ilex (6.7%) 
and Vaccinium (6.8%). The highest monthly CP level was associated with //ex in March 
(11.0%), and the lowest with Vaccinium in October (5.2%; Table 1). Mean annual levels 
of P were relatively similar among species: 0.066% for Ilex and 0.062% for Vaccinium 
and Smilax. The highest and lowest mean monthly levels of P were recorded for //ex in 
April (0.158%) and for Vaccinium in October (0.011%), respectively (Table 2). Mean 
annual levels of IVOMD were highest for Vaccinium (46.0%), intermediate for Smilax 
(42.3%), and lowest for Ilex (39.4%). IVOMD levels above 50% were restricted to 
Vaccinium, and further to the months of March and April (Table 3). 


TaBLE |. Mean monthly levels (%) of crude protein in 3 forages Ulex glabra [IG], Vaccinium myrsinites 
[VM], and Smilax laurifolia [SL]) collected from home range-core areas of 10 radio-instrumented adult 
female deer on the Osceola National Forest, Florida, September 1990-August 1991. 


IG VM SL 
Month Mean SE Mean SE Mean SE MEAN SE 
Sep* 6.1 0.4 53) 0.2 7.9 0.5 6.4 0.2 
Oct 5.8 0.1 Se 0.1 9.1 0.3 6.7 0.1 
Nov 6.2 0.2 5.8 0.2 9.4 0.3 eat OL 
Dec 6.3 0.3 35) 0.3 8.5 0.3 6.7 0.2 
Jan 6.2 0.2 6.4 0.3 9.3 0.4 13 0.2 
Feb 6.0 0.2 6.8 0.1 9.0 03 V3 0.2 
Mar 5.9 0.1 BRO) 0.5 9.6 0.2 8.8 0.1 
Apr 9.5 0.4 9.0 0.2 9.1 0.3 9.2 0.2 
May 7.9 0.2 7.9 0.2 9.9 0.4 8.5 0.2 
Jun del 0.2 6.7 0.1 8.4 0.3 7.4 0.1 
Jul 6.5 0.1 6.6 0.1 8.6 0.3 HD 0.1 
Aug 6.4 0.1 6.0 0.1 8.1 0.3 6.8 0.1 
MEAN 6.7 0.3 6.8 0.5 8.9 0.2 TES 0.3 


4 September data based on samples collected from home range-core areas of 9 deer. 
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All species combined, the highest mean monthly level of CP was recorded in April 
(9.2%), and the lowest in September (6.4%; Table 1). Similarly, the highest mean monthly 
level of P occurred in April (0.119%) and the lowest in October (0.021%; Table 2). The 
highest and lowest mean monthly IVOMD levels were recorded in April (46.3%) and 
January (40.7%; Table 3), respectively. 

Mean annual values for CP, P, and IVOMD of the 3 forage species combined were 
7.5%, 0.063%, and 42.5%, respectively. Nutritional quality of the 3 species differed among 
months for all 3 parameters (P < 0.001). Mean monthly values of all parameters. were 
highest in April (P < 0.05) and declined to lows in fall and winter (CP—Sep, P—Oct, and 
IVOMD-Jan). Generally, nutritional quality was similar in summer, fall, and winter; 
however, mean monthly levels of P actually were lower during June-August than in De- 
cember (P < 0.05), IVOMD was lower in January than in July and August (P < 0.05), and 
CP was lower in December than in June and July (P < 0.05). 


TABLE 2. Mean monthly levels (%) of phosphorus in 3 forages (lex glabra [IG], Vaccinium myrsinites 
[VM], and Smilax laurifolia [SL]) collected from home range-core areas of 10 radio-instrumented adult 
female deer on the Osceola National Forest, Florida, September 1990-August 1991. 


IG VM SE 

Month Mean SE Mean SE Mean SE MEAN SE 

Sep: 0.025 0.007 0.027 0.007 0.027 0.009 0.026 0.005 
Oct 0.021 0.013 0.011 0.005 0.031 0.010 0.021 0.006 
Nov 0.078 0.008 0.065 0.013 0.078 0.008 0.074 0.008 
Dec 0.109 0.042 0.084 0.033 0.040 0.006 0.078 0.016 
Jan 0.052 0.007 0.078 0.010 0.061 0.005 0.063 0.003 
Feb 0.035 0.006 0.082 0.008 0.050 0.010 0.056 0.006 
Mar 0.041 0.006 0.119 0.013 0.095 0.019 0.085 0.007 
Apr 0.158 0.006 0.104 0.009 0.095 0.013 0.119 0.008 
May 0.085 0.003 0.068 0.006 0.091 0.006 0.081 0.004 
Jun 0.073 0.003 0.028 0.004 0.059 0.004 0.053 0.002 
Jul 0.058 0.007 0.044 0.005 0.061 0.007 0.054 0.003 
Aug 0.062 0.004 0.038 0.006 0.052 0.006 0.051 0.004 
MEAN _ 0.066 0.012 0.062 0.010 0.062 0.008 0.063 0.008 


« September data based on samples collected from home range-core areas of 9 deer. 


No. 4 1995] KiLGO AND LABISKY—NUTRITIONAL QUALITY OF THREE MAJOR DEER FORAGES 33] 
Tas_e 3. Mean monthly levels (%) of in vitro organic matter digestibility in 3 forages (Ulex glabra |IG], 
Vaccinium myrsinites [VM], and Smilax laurifolia [SL]) collected from home range-core areas of 10 radio- 
instrumented adult female deer on the Osceola National Forest, Florida, September 1990-August 1991. 

IG VM SE 
Month Mean SE Mean SE Mean SE MEAN SE 
Sep* 42.6 t3 42.7 0.8 39.8 1.4 41.7 0.8 
Oct 39.8 0.8 43.9 0.4 42.4 0.6 42.0 0.3 
Nov 40.2 0.6 43.9 0.6 43.8 lal 42.7 0.3 
Dec 39.7 0.6 43.4 0.8 45.0 0.8 42.7 0.4 
Jan 40.2 0.8 41.8 1.2 40.2 1.6 40.7 0.8 
Feb 40.8 0.4 44.6 0.8 38.8 3) 41.4 (O)s5) 
Mar 35.0 0.9 54.1 Lal SP ee, 42.1 0.6 
Apr 39.9 1.4 eZ 0.9 43.7 Mp3) 46.3 0.9 
May 36.8 0.9 48.7 0.9 44.2 De 43.2 0.8 
Jun 39.1 ee 43.5 O)7/ 42.9 1.5 41.8 0.5 
Jul 38.0 0.7 46.1 0.7 45.0 12 43.0 0.5 
Aug 40.4 1 44.3 1 44.1 1.8 42.9 0.6 
MEAN 39.4 0.6 46.0 1.4 42.3 0.8 42.5 0.4 


* September data based on samples collected from home range-core areas of 9 deer. 


Discussion—The nutrient content of the 3 forage species sampled at ONF was simi- 
lar to that reported for forages in other pine flatwoods sites in northern Florida (Smith 
and Hunter, 1978; Tanner and Terry, 1982; Wood and Tanner, 1985). However, maxi- 
mum monthly values of CP and P for the 3 forage species combined were substantially 
lower than those from forested habitats (seasons ignored) in South Carolina (Thorsland, 
1966), Louisiana (Thill and Morris, 1983; Thill et al., 1990), and Georgia (Ford et al., 
1994). Also, these maximum values were less than those measured from browses in 
longleaf pine savannahs on the Ocala National Forest (Florida) during late summer (CP— 
11.6% and P—0.25%: Harlow et al., 1980). Although the mean IVOMD levels for the 3 
species sampled at ONF were similar to or slightly higher than those reported from other 
northern Florida flatwoods sites (Smith and Hunter, 1978; Tanner and Terry, 1982), the 
values were less than those reported from browses from forest habitat in the Southeast 
(Thill et al., 1990; Ford et al., 1994). 

Forage quality at ONF, as evidenced by CP, P, and IVOMD values in the species 
sampled, generally was deficient with respect to the requirements of white-tailed deer. 
Mean levels of CP were below the estimated requirements for deer in all months except 
September-December, when CP averaged 6.7%, barely exceeding the lower limit for the 
maintenance period (6-10%). McEwen and co-workers (1957) reported depressed growth 
and low survival of deer on protein rations of 4-5%. Although CP levels at ONF gener- 
ally exceeded 4-5%, values within this range were recorded. Additionally, Murphey and 
Coates (1966) reported that fawns produced by females on diets of 7% and 10% CP 
suffered 42% and 26% mortality, respectively, from malnutrition; at ONF, CP averaged 
8.2% during the gestation period. 
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Mean P levels were below the estimated minimum requirement of 0.11-0.19% in 
every month except April, when the mean value was 0.12%. In fact, the highest recorded 
P content of any sample collected at ONF was 0.19%, and the annual mean was 0.063%. 
The mean annual [VOMD level of 42.6% at ONF also was below the estimated require- 
ment of 50% dry matter digestibility; IVWOMD for all species combined never exceeded 
50% in any month. 

Deer in many areas of the Southeast are stressed during fall and winter when forage 
quality is low (Short, 1975). However, nutritional quality of the species sampled at ONF 
was especially low during summer, coinciding with lactation. Due to the combination of 
low available nutrient levels, high ambient temperatures that reduce food intake (Short, 
1975), and the high energy cost of lactation (Moen, 1978), summer is likely the period of 
highest stress for adult females in pine flatwoods habitat of northern Florida (Kilgo, 
1992). Similarly, Byford (1970) reported that deer in Alabama were in poorest condition 
in summer, and Easton (1993) found that use of a high protein supplemental feed by 
adult females and their fawns in flatwoods habitat in Florida was greatest during sum- 
mer. Summer nutritional stress on does can affect fawn survival through lowered milk 
yield and can affect productivity in the following year (Verme and Ullrey, 1984). 

In conclusion, these findings indicate that the pine flatwoods of northern Florida 
constitute suboptimal habitat for deer. Crude protein and P levels in important forage 
species at ONF were extremely low during the spring and summer, i.e., gestation and 
lactation periods. Further, mean digestibility of these forages never exceeded 50%. Labisky 
and co-workers (1991:49) concluded that recruitment to the ONE deer herd was inad- 
equate and was “likely due to a combination of inherent low productivity coupled with 
high mortality among fawns <8 months in age.” Findings from this study support the 
contention that deer in pine flatwoods of northern Florida are on a low nutritional plane. 
Such nutritional inadequacies among breeding females likely contribute to the low fe- 
cundity characteristic of flatwoods deer herds (Harlow, 1972; Richter-and Labisky, 1985) 
and to exacerbated fawn mortality (Verme and Ullrey, 1984). 

Potentially, improvement of the nutritional quality of forages in pine flatwoods habitat 
should enhance recruitment to the deer population. A feasible option for improving the 
quality of deer forages in pine flatwoods is through the use of prescribed fire. To date, 
most prescribed fire has been employed in winter (dormant season), at 3- to 5-year inter- 
vals. Improvements in forage quality resulting from dormant season fire are short-lived, 
perhaps only 2-4 months in duration (Grelen and Lewis, 1981; Wood, 1988). Although 
this short-term improvement in forage quality in the year of burning potentially enhances 
the nutritional intake of pregnant females in spring, it is likely of insignificant value to 
lactating females and their fawns in summer. Growing-season fire, which mimics the 
natural lightning-fire regime in Florida (Robbins and Myers, 1992), offers a supplemen- 
tal management strategy for enhancing forage quality (Stransky and Harlow, 1981; Grelen 
and Lewis, 1981) for lactating females and fawns in summer. In discussing the effects of 
fire on the diet of deer, Robbins and Myers (1992:62) speculated: “Different seasonal 
burning regimes would promote different components of this diet--growing-season fires 
would tend to promote herbaceous component while dormant-season fires would pro- 
mote browse production by stimulating woody plants to sprout.” Thus, the systematic 
combination of dormant-season fires and growing-season fires should be explored as a 
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management strategy for enhancing the year-round growth and quality of deer forages in 
the nutrient-poor pine flatwoods habitat of northern Florida. 
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Asstract: Patterns of historic native vegetation and vascular flora of the urbanized barrier island of Key 
Biscayne are reviewed from 19th and 20th century documents. A recently discovered tropical hardwood ham- 
mock is inventoried. 


ONE HUNDRED years ago, in 1895, A.H. Curtiss made some of the first known botani- 
cal collections on the barrier island of Key Biscayne (Fig. 1). Perturbation in the 20th 
century has changed this naturally vegetated island near Miami to an urban one. Objec- 
tives of this paper are to review general patterns of the historic native vegetation and 
flora of Key Biscayne, present a species list of a previously undocumented tropical hard- 
wood hammock on the island and interpret affinities of the flora. 

Key Biscayne is the southernmost barrier island along the Atlantic Coast of the 
United States and is located just east of Miami, Dade County, Florida. The island is 
approximately 5 mi (3 km) long, varies from 0.75 mi to 2 mi (0.5 km -1.3 km) wide with 
Cape Florida at the southern tip and West Point on a projection to the west, and Virginia 
Key to the north (Fig. 1). To the east of the island is the Atlantic Ocean and to the west, 
Biscayne Bay. As part of the Upper Sand Keys (sensu Small, 1907; 1913), Key Biscayne 
and Virginia Key have a substrate composed of quartz sand and limestone which is dis- 
tinct from the lower, coral-based keys (Hoffmeister, 1974). Increase of land mass here 
occurred during the Holocene with southwardly cape accretion (Wanless, 1974). Over 
time, as sands swirled around this spit, a parabolic pattern of alternating dunes and swales 
formed. 

Notable hurricanes striking the Florida Keys in 1876 (Woodman, 1961), 1926, 1935, 
1945, 1960, 1965 (Gentry, 1974) and 1992 have played a major role in the ecology of 
these islands. The sub-tropical climate with a mean temperature of 69 degrees F in Janu- 
ary (Thomas, 1974) is moderated by the nearby Gulf Stream. Natural soils are exces- 
sively drained sand with shell fragments or frequently inundated sand, marl or peat 
(Leighty and Henderson, 1958). 


MetTHops—Floras, maps, correspondence, photographs, herbaria (USF, FLAS, DUKE, NYBG and Na- 
tional Archives), collecting notebooks (NYBG) and State of Florida Division of Historic Resources Master 
Site File were researched. Soil cores were taken at Cape Florida following Hurricane Andrew by Kriz (1992) 
of the U.S.D.A., Soil Conservation Service (Table 1). A tropical hammock on West Point (Fig. 1) discovered 
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by naturalist Jeffrey R. Goodwin and brought to the author’s attention in 1992 was inventoried (Appendix A). 
Nomenclature is based primarily on treatments used by Correll and Correll (1982) and secondarily by Wunderlin 
(1982). Specimen collections of West Point, Cape Florida and Coconut Point, Brevard County have been 
deposited at FLAS. Notable native plant species in the historic landscape of Key Biscayne as observed by 
collectors, surveyors and botanists from the 1800s to the present are summarized in Appendix B. 


RESULTS AND Discussion—Historic landscape—Early seafarers stopped at Key 
Biscayne for safe harbour, firewood, water and food from wild game such as deer, tur- 
key, bear, duck and turtles (Woodman, 1961). In the mid-1800s, uplands on the east of 
the island were covered with Saw palmettoes and lowlands on the west were salt marsh 
and Mangrove flats (Jackson, 1847). : 

Some of the earliest technical information on topography and vegetation of Key 
Biscayne comes from surveyors’ accounts in the United States Coast and Geodetic Sur- 
vey of 1843-1865. From the lighthouse site (Figs. 1 and 2) established in 1825, early 
surveyors F.H. Gerdes and J.E. Hilgard drew a 3 1/8 mi preliminary baseline to northern 
Key Biscayne (Gerdes, 1849). Later clearing of the 5800 m baseline ran through an 
undulating terrain of “palmetto fields” with some “thick wood”, “brushes” and “marshes”: 

“There are several spots considerable low, others rather abruptly rising, which it was 
impossible to notice in the thick growth of Palmettos -- several patches of marshy and 
soft soil -- the whole or nearly the whole of the line is also covered with palmetto and 
cabbage tree roots, running lengthway [sic] over the surface of the earth in allmost [sic] 
every direction. I found in 10 feet square, 95 feet of roots, some 4 to 6 inches in diam- 
eter..... More than 20 small hills, from 1 to 3 feet heigh [sic] and a similar number of low 
places, had to be graded down...’ (Gerdes, 1851). 

As measured along the final baseline (Bache, 1855), topography was calculated to 
be as high as 3.3 ft (1 m) above the mean tide line and dipped to 2.2 ft (less than a m) 
below the mean tide line. A little over half the island was above the mean tide mark while 
only sixteen percent was above the high water tide mark, and that was mostly mid- 
island, near “The Big Bend” (For location see Fig. 1; Bache, 1850a). 

On Cape Florida, significant changes have taken place over the last 150 years (Figs. 
3-6). In 1855, plant growth was recorded as “Scrub Palmetto” (Fig. 3) and, generally, a 
“scattering of Sea Grape trees” with a “dense Forest of Black Mangrove extending to 
West side of the Island” (Bache, 1855). Along the surveyors’ 1855 baseline, the undulat- 
ing ridge-and-swale topography is clear with only nine ridges above the mean tide mark 
on the Cape (Fig. 3). By the end of the 1890s, the Walter Davis family had settled the 
extreme southern tip of the Cape (Damrell, 1898; Woodman, 1961) and a coconut plan- 
tation had been started on the northern part of the Key (McAllister 1938). In 1952 the 
Cape was covered by at least 5 ft (1.5 m) of dredged fill (Fig. 4; Table 1). Seedlings of 
Australian pine (Casuarina equisetifolia), an introduced species, moved into this dis- 
turbed land, and, in 1992, acres of this species, by then a dominant on the State Park, 
were blown down by Hurricane Andrew. Natural communities were unknown. Original 
sandy and organic soil patterns (Fig. 5; Table 1) were used to reconstruct natural vegeta- 
tion patterns as interpreted from a 1926 aerial photograph (Fig. 6). This reconstruction 
(Fig. 6) was the basis for the restoration plan following Hurricane Andrew at Bill Baggs 
Cape Florida State Recreation Area (Huck, 1993; D.N.R.,1993). 

Early Botanists—In the latter part of the 19th and early 20th centuries, botanists and 
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Fic. 2. Photograph ca. 1879 of landscape of saw palmetto, coconut trees, 
the abandoned Cape Florida lighthouse and lighthouse keeper’s home. 
U.S. Coast Guard Archives, Washington, D.C. 


Fic. 1. Map of Upper Sand Keys, Key Biscayne (south) and Virginia Key (north): Cape Florida Lighthouse 
(A), West Point Hammock (B), No Name Harbour (C), Big Bend (D), and approximate 1855 survey line 
(Bache 1855) (E). Representative protected natural areas are shaded: Bear Cut Preserve (1), Crandon Park 
(2) on which West Point is located, and Bill Baggs Cape Florida State Recreation Area (3). 


ae 
ww ww TO Rpatk au lve 
ed ay Bee ~, a 
Sei — ch tee 


__ Scrub Palmetto 
oi x Bae saa 


Pitt cece es 
Ste caer ia ba SS ee I $ 4 
es Vicwraiiiie iic e 


sth aia £ 
ae ee 
Ah es 


C , aE a 


Fic. 3. Cape Florida, Key Biscayne South Base, 1855. Photographic detail of original map reassembled 
from Bache (1855). National Archives, College Park, MD. 
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collectors A.H. Curtiss (1845-1907), J.K. Small (1869-1938) and N.L. Britton (1859- 
1934) visited the Miami area. Small’s work in the Upper Sand Keys, Virginia Key and 
Key Biscayne, numbers approximately 110 vascular plant species as compiled from his 
Flora of the Florida Keys (1913). Nathaniel L. Britton visited the southern end of Vir- 
ginia Key and “touched Cape Florida” (Britton, 1904a) on March 22 and 29, 1904 (Britton, 
1904b). Although Small visited Key Biscayne (Small 7003 DUKE), he apparently col- 
lected largely on Bull and Virginia Keys just to the north (Small, 1901-1909). He com- 
mented on the “dense growth of mangrove on the side facing the bay, the usual tropical 
beach flora along the ocean and a few of the sand-dune plants which are common for 
many miles northward along the coast” (Small, 1907). The flora of the Upper Sand Keys 
in Small (1913) appears to have been based, in large part, on Britton’s collecting work. 

In 1938 Birdie McAllister, a school teacher in the Miami area, completed a master’s 
thesis on the vascular flora of Key Biscayne under H.J. Oosting at Duke University 
(McAllister, 1938). Over 231 species of plants were collected in her study and vouchers 
placed at DUKE (McAllister, 1938). Most collections were made on the northern part of 
the Key. She classified the vegetation types of the island into three natural groups: man- 
grove swamp, palmetto bushland and a coastal region. The mangrove fringe of Red man- 
grove (Rhizophora mangle), Black mangrove (Avicennia germinans), White mangrove 
(Laguncularia racemosa) and Buttonwood (Conocarpus erectus) can be found on the 
Key today, however, historic landscape remnants of the coastal region and the palmetto 
bushland are limited to a few natural areas (Fig. 1). . 

Historic flora review—Poisonwood (Metopium toxiferum) grew in “thickets at the 
base of the old lighthouse” in 1895 according to A.H. Curtiss (Curtiss 5477 NYBG). The 
palmetto bushland with the dominant Saw palmetto (Serenoa repens) must have pre- 
sented a dense, silvery-gray, salt-and-wind-sheered aspect to this visitor to the aban- 
doned lighthouse with its tall coconut palms (Cocos nucifera) and tree-sized Sea grapes 
(Coccoloba uvifera) (Fig. 2). Marlberry (Ardisia escallonioides), Red bay (Persea 
borbonia), Wild coffee (Psychotria nervosa), and Sabal palms (Sabal palmetto) were 
associates in this Saw palmetto bushland, but no Scrub oaks (Quercus geminata, Q. 
chapmanii or Q. myrtifolia) are listed (McAllister, 1938). 

Small also collected Southern slash pine (Pinus elliottii var. densa reported as P. 
caribaea) with Charles Deering (Small 7003 DUKE) in the early 1900s on Key Biscayne. 
McAllister (1938) collected from the last living pine tree on the island and commented 
that this palmetto bushland was probably a pine-palmetto plant community at one time. 
Most of the pines were timbered by the early 1900s, and the remaining numbers were 
destroyed in the Hurricane of 1926 (McAllister, 1938). Although pine is not listed as a 
dominant plant in early surveyors’ reconnaissances (Jackson; 1847), “pine timber” was 
alluded to briefly by Gerdes in the mid-1800s (Bache, 1850b). These observations and 
collections are summarized in Appendix B. McAllister (1938) noted evidence of fire at 
Key Biscayne; Saw palmetto burns with intensity in coastal areas (Small, 1926). The 
size and length of the palmetto stems and rootstock (“roots”) observed by Gerdes (1851) 
suggest natural fire regimes were at infrequent intervals at Key Biscayne. 

Natural fresh and brackish water habitats of the historic landscape with Pond apple 
(Annona glabra) as listed by Small (1913) as well as Willow (Salix caroliniana reported 
as S. amphibia) and Wax myrtle (Myrica cerifera) as listed by McAllister (1938) are rare 
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Fic. 4. Cape Florida aerial 
photograph, 1952. Dredged fill 
covering the Cape (U.S.D.A., 
March 16,1952, BU-4H-62 and 
64). 


Fic. 5. Cape Florida soils in 1940s: 
Pa= Palm Beach fine sand, Mb = 
Mangrove Swamp, Ca= Coastal 
Beach Soils. Map of Dade County 
Soils (Leighty and Henderson, 
1958). 


Fic. 6. Cape Florida natural plant 
communities, 1926: PB = Palmetto 
Bushland; MG = Mangrove and 
Marsh; CR = Coastal beaches, 
ridges and berm; and RU = Ruderal 
and settled. Interpreted from an 
aerial photograph by Fairchild 
Surveyors, Inc. (1926). 
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on Key Biscayne today (Appendix B), along with the suspected high diversity of animal 
wildlife associated with them. Presence of Pond apple in the historic flora suggests the 
occurrence of a suite of species such as Spanish moss, other epiphytes, and ferns 
(Craighead 1971). Pond Apple was perhaps found around fresh water springs described 
by Thomas (n.d.) or could have grown in marshlands as in the Bahamas (Correll and 
Correll, 1982). At the tip of Cape Florida “Thick Grass” noted by Bache (1855) near the 
“bathing place” (Fig. 4), is later identified more exactly as “Sawgrass” by Damrell (1898). 
Sawgrass (Cladium jamaicense) was abundant and found “near Mr. Sherwood’s place” 
(McAllister 108 DUKE), as well as Leather fern (Acrostichum danaeifolium). 

Salt marsh species such as Christmas berry (Lycium carolinianum), Glasswort 
(Salicornia bigelowii), False Willow (Baccharis angustifolia) and Saltmarsh mallow 
(Kosteletzkya virginica) were present in the natural historic landscape, according to Small’s 
1913 flora (Appendix B). Saltmarsh mallow has not been found on the island recently 
(Appendix B). The presence of marl in the original soil horizon (Table 1) suggests a 
perched water table and natural ponded areas in low-lying, finger-like swale depressions 
(Fig. 6). 


TABLE |. Description of soil horizons to 60 inches at nine sites at Cape Florida by the U.S. Soil Service 
(Kriz, 1992). Soil series: Mb = Mangrove; Ca= Beaches; Pa= Palm Beach. (Leighty and Henderson, 1958). 


No. Fill depth Natural soil Soil Community type 
(in) description series 

1 0-38 white to brown marl Mb Mangroves 

2 00 gray and black sand Ca Coastal Ridge 

3 0-44 gray/ yellow marl Mb Mangroves 

4 0-32 gray/ yellow sand Pa Palmetto bushld 

5) 0-60 no natural soil 

6 0-30 brown, sulfur Mb Mangroves 

7 0-60 no natural soil 

8 0-45 black to brown sand Pa Palmetto bushld 

9 9-15 wind depos sand/brown Ca Coastal Ridge 

sand 


A wide beach met the ocean’s side in the mid-1800s (Bache, 1852; 1855). Some 
plant species across the beach, ridge and ridge complex identified by McAllister (1938) 
are protected at Cape Florida today in an area which escaped dredge and fill activities 
(Figs. 1 and 4). Dispersion of plant propagules by water and birds presumably plays a 
role in the floristic diversity of this beach and ridge complex. Beach peanut (Okenia 
hypogaea) occurs today in the beach strand with Railroad vine (Ipomoea pes-caprae). 
Beach jacquemontia (Jacquemontia reclinata) is found on sandy shores at Bear’s Cut 
(Fig. 1). Sea Oats (Uniola paniculata), Sea rocket (Cakile lanceolata), Sea purslane 
(Sesuvium portulacastrum) and Beach star (Remirea maritima) grade into the upper beach 
of bushy Sea lavender (Mallotonia gnaphalodes), Bay cedar (Suriana maritima) and 
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Inkberry (Scaevola plumieri) at Cape Florida. The last four species are present, but rare 
in the flora today (Appendix B). 

Behind the low foredunes of Saw palmetto, Sea grapes and Spider lily (Hymenocallis 
latifolia) are low coastal hammocks of Blolly (Guapira discolor), Spanish stopper 
(Eugenia foetida), Snowberry (Chiococca spp.), Poisonwood, Black bead (Pithecellobium 
keyense), Box briar (Randia aculeata), Strangler fig (Ficus aurea) and Sabal palm (Sabal 
palmetto). These low coastal hammocks, or coppices (see Correll and Correll, 1982), 
occur today on wind-deposited, brown, black or gray sand at Cape Florida (Table 1). 
Seven-year apple (Casasia clustifolia) was common on “ridge hammocks” on northern 
Key Biscayne (McAllister 1938) and, on Bull Key, in “hammocks on Sand Dunes oppo- 
site Lemon City” (Small 5829 NYBG March 1915), but has limited populations today 
(Appendix B). An entry, “335 Aristolochia’, in Britton’s notebook on Key Biscayne 
(1904b) is presumably Coastal Aristolochia (Aristolochia pentandra - see Appendix B), 
a species listed for the Keys south of Key Biscayne by Small (1913). Another entry in 
Britton’s notebook (1904b) is “302 Fagara bush 1.5 m tall”, apparently Key Biscayne 
Prickly Ash (Zanthoxylum coriaceum) in Small’s flora (1913). This species, rare on the 
Key Biscayne (Appendix B), extends to the Bahamas (Britton and Millspaugh, 1962; 
Correll and Correll, 1982), but not to the Florida Keys (Little, 1976). 

A tropical hardwood hammock, with a canopy of greater height than the coastal 
hammocks, was located recently on a mound hidden in a stand of mangroves at West 
Point (Figs. 1 and 7). The spot was approximately 2 ft (0.75 m) msl, about an acre in size, 
with some disturbance suggesting dredge spoil deposition or a remnant berm. Forty vas- 
cular plant species were collected there (Appendix A), including some 11 species previ- 
ously not listed by Small in 1913 nor by McAllister in 1938 (Appendix B). No typical 
hammocks were found by McAllister in her study. One-third of the native species found 
in West Point hammock are listed for Florida hammocks as defined by Snyder and co- 
workers (1990). At West Point Hammock, a canopy of ca. 15-20 ft (5 - 7.5 m) tall trees of 
Gumbo-limbo (Bursera simaruba), Butterbough (Exothea paniculata), Poisonwood, Ja- 
maica dogwood (Piscidia piscipula) and Mastic-bully (Mastichodendron foetidissimum) 
grow above a subcanopy of Spanish stopper, White stopper (Eugenia axillaris) and Iron- 
wood (Krugiodendron ferreum). Sprawling vines of Little passion flower (Passiflora 
suberosa), Devil’s potato (Echites umbellata) and Gray nicker bean (Caesalpinia bonduc) 
as well as shrubs with decumbent branches of Caper-tree (Capparis flexuosa) and West 
Indian Snowberry (Chiococca alba) are present in the understory. Epiphytes such as 
Swollen wild pine (Tillandsia utriculata), Thread-leaved wild pine (Tillandsia recurvata) 
and Butterfly orchid (Encyclia tampensis) were found. Dildoe cactus (Cereus pentagonus) 
is notable in the inventory. The hammock floor is leaf litter over sand. 

Many of these tropical West Indian species at West Point Hammock are or were 
historically found in coastal hammocks bordering river lagoons up the east coast of Florida, 
for example, at Jupiter Inlet (Richardson et al., 1992), St. Lucie (Small, 1919) and on 
north Merritt Island near Cape Canaveral (Poppleton et al., 1977), especially on Indian 
mounds at Coconut Point, Brevard County (Huck, specimens at FLAS), and as far north 
as Turtle Mound in Volusia County, Florida (Norman, 1976; Little, 1978). Tequesta In- 
dian mounds are known to have occurred on Key Biscayne (Goggin, 1944; Carr, 1987; 
Woodman, 1961). Pottery found at the tip of Cape Florida dated from the Glades III 
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period, ca. 1200 A.D. - 1750 A.D. (Carr, 1987). Both Carr (1987) and Huck and Blank 
(1994) have commented on what appears to be an Indian mound arising from the land- 
scape of Saw palmetto southwest of the lighthouse (Note mound of shrubby evergreen 
trees in Fig. 2). Herbs such as Rhynchospora (Rhynchospora caduca) listed by Small 
(1913) grow on shell mounds (Wunderlin, 1982), as well as Bloodleaf (/resine canescens) 
which is commonly seen in shell middens. An isolated “Group of 30 tall trees” on an 
early map (Bache, 1955) suggests an Indian mound. 


Affinities of the Flora and Conclusions—Key Biscayne represents the terminus of 
longshore drift of quartz sand on the east coast of Florida (Johnson and Barbour, 1990) 
as well as the end of a distinct association of coastal scrub, hammocks and mangroves in 
the continental United States. Settlement activities since Curtiss’ visit in 1895 have sig- 
nificantly obscured the historic “sand dune and hammock flora” of the Upper Sand Keys. 
By 1938, the time of McAllister’s study, tropical hardwood hammocks, Indian mound 
vegetation, pineland and natural springs sites with such species as Pond apple had appar- 
ently disappeared. Although scored as “present” in the Key Biscayne flora today, many 
notable species, even naturally occurring Saw palmetto, are scarse (Appendix B). 

John K. Small (1907, 1913) compared the Upper Sand Keys flora more to northern 


F ied 
a 
ie Le 


mnt 


i c/ 
\ 


by 4 
| é : 
"he Pee OG 
om ‘ §; 
~ 2 
> = 


a 


s 


Fic. 7. Hardwood tropical hammock at West Point, Crandon County Park, Key Biscayne. 
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coastal areas in Florida rather than to the Carribean. Huck and Blank (1994) have sug- 
gested that the flora of Key Biscayne may have been far richer and more tropical than 
originally assessed by Small (1913). The flora includes tropical hardwoods, subtropical 
beach strand species and mangroves which extend northward to around 29 degrees lati- 
tude in Florida (Little, 1978; Johnson and Barbour, 1990; Tanner, 1985), but are widely 
dispersed in the Bahamas (Correll and Correll, 1982). Some species also extend south- 
ward to the West Indies and Cuba. Many of the plant communities at Key Biscayne are 
similar to those of the Bahamas, although the rocky substrate 1s lacking. The historically 
dominant Saw palmetto is allied floristically with coastal scrub associations further north. 
This endemic of the southeastern United States lacks its usual temperate scrub oak asso- 
ciates at Key Biscayne. Continuing research should include a complete inventory of the 
native flora with voucher specimens deposited in State herbaria. Important historical and 
natural sites identified on early maps could be located with Global Positioning System 
equipment. 
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ApPENDIX A. Vascular Flora of West Point Tropical Hammock, Key Biscayne, Florida. 


ARECACEAE 
Sabal palmetto (Walt.) Lodd. ex Roem. & Schult. Sabal palm 
Serenoa repens (Bartr.) Small Saw palmetto 
BROMELIACEAE 
Tillandsia recurvata L. Thread-leaved wild pine 
T. usneoides L. Spanish moss 
T: utriculata L. Swollen wild pine 


AMARYLLIDACEAE 

Hymenocallis latifolia (Mill.) M.J. Roem. Spider lily 
ORCHIDACEAE 

Encyclia tampensis (Lindl.) Small Butterfly orchid 
CASUARINACEAE 

* Casuarina equisetifolia L. Australian pine 
MORACEAE 

Ficus aurea Nutt. Strangler fig, Golden wild fig 
POLY GONACEAE 

Coccoloba uvifera (L.) L. Sea grape 
PHYTOLACCACEAE 


Phytolacca americana L. Pokeberry 

Rivina humilis L. Pigeon-berry 
CAPPARACEAE 

Capparis flexuosa (L.) L. Caper-tree 
FABACEAE 

Caesalpinia bonduc (L.) Roxb. Grey nicker bean 

Dalbergia ecastophyllum (L.) Taub. Titi, Coin vine 

Piscidia piscipula (L.) Sarg. Fish poison, Jamaica dogwood 

*Pithecellobium dulce (Roxb.) Benth. Cat’s claw 

P. keyense Britt. ex Britt. & Rose Black bead 
CACTACEAE 

Cereus pentagonus (L.) Haw. Dildoe cactus 
SAPOTACEAE 

Mastichodendron foetidissimum (Jacq.) H. J. Lam. Mastic-bully 
APOCYNACEAE 

Echites umbellata Jacq. Devil’s potato 
BURSERACEAE 

Bursera simaruba (L.) Sarg. Gumbo-limbo 
ANACARDIACEAE 

Metopium toxiferum (L.) Krug & Urb. Poisonwood 

*Schinus terebinthifolius Raddi Brazilian peppertree 
CARICACEAE 

*Carica papaya L. Papaya 
COMBRETACEAE 

Conocarpus erectus L. Buttonwood 
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Laguncularia racemosa (L.) Gaertn. f. White Mangrove 
MYRTACEAE 

Eugenia axillaris (Sw.) Willd. White Stopper 

E. foetida Pers. Spanish stopper 


PASSIFLORACEAE 

Passiflora suberosa L. Small passion flower 
SAPINDACEAE 

Exothea paniculata (Juss.) Radlk. Butterbough 
RHIZOPHORACEAE 

Rhizophora mangle L. Red mangrove 
RHAMNACEAE 

Krugiodendron ferreum (Vahl) Urb. Ironwood 
MYRSINACEAE 

Ardisia escallonioides Cham. & Schlecht. Marlberry 
SOLANACEAE 

Solanum bahamense L. Cankerberry 
AVICENNIACEAE 

Avicennia germinans (L.) L. Black mangrove 
RUBIACEAE 


Chiococca alba (L.) Hitchc. West Indian snowberry 
Randia aculeata L. Box briar 

CUCURBITACEAE 
Melothria pendula L. Climbing cucumber 
*Momordica charantia L. Wild Balsam Apple 


*Non-native species 


APPENDIX B. Notable native plant species in the historic landscape of Key Biscayne, Florida as observed by 
collectors, surveyors, botanists and others, 1800 to the present. 


Plant Species Surveyors, Small, McAllister Huck, 
collectors, Britton, 1938° others, 
M9thnE*) e2 20thiC late 20th C.* 

Leatherfern 

Acrostichum danaeifolium K x (A;H&P) 
Pond apple 

Annona glabra X 
Marlberry 

Ardisia escallonioides X xX 
Coastal Aristolochia 

Aristolochia pentandra x? 
Black mangrove 

Avicennia germinans ix x X X 
False Willow 


Baccharis angustifolia i X x (A) 
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Plant Species Surveyors, 
collectors, 
19th C.! 
Gumbo-limbo 
Bursera simaruba 
Grey nicker bean 
Caesalpinia bonduc 
Sea rocket 
Cakile lanceolata 
Caper-tree 
Capparis flexuosa 
Seven-year apple 
Casasia clustifolia 
Dildoe cactus 
Cereus pentagonus 
West Indian snowberry 
Chiococca alba 
Pineland snowberry 
Chiococca parvifolia 
Coco-plum 
Chrysobalanus icaco 
Sawegrass 
Cladium jamaicense Xx 
Pigeon plum 
Coccoloba diversifolia 
Sea grape 
Coccoloba uvifera x 
Coconut palm 
Cocos nucifera* x 
Buttonwood 
Conocarpus erectus Xx 
Geiger tree 
Cordia sebestena 
Saltgrass 
Distichlis spicata 
Devil’s potato 
Echites umbellata 
Butterfly orchid 
Encyclia tampensis 
White stopper 
Eugenia axillaris 
Spanish stopper 
Eugenia foetida 
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Small, McAllister Huck, 


Britton, 19387 others, 
es 20thieS, late 20th C.* 
X 
Xx Xx as 
x x x (A;sH&P) 
B< 
X X Xx 
Xx 
Xx x 
x 
x x x(A;H&P) 
Xx 
X 
4 rs X 
% xX x 
x Xx X 
Xx x(H&P) 
x x(A;H&P) 
X X 
Xx X 
x 
x X X 
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Plant Species 


Butterbough 

Exothea paniculata 
Strangler fig 

Ficus aurea 
Blolly 

Guapira discolor 
Spider lily 

Hymenocallis latifolia 
Railroad-vine 

Ipomoea pes-caprae 
Bloodleaf 

Tresine canescens 
Beach jacquemontia 

Jacquemontia reclinata 
Saltmarsh mallow 

Kosteletzkya virginica 
Ironwood 

Krugiodendron ferreum 
White Mangrove 

Laguncularia racemosa 
Wild Sage 

Lantana involucrata 
Sea lavender 

Limonium carolinianum 
Christmas berry 

Lycium carolinianum 
Staggerbush 

Lyonia fruticosa 
Sea lavender 

Mallotonia gnaphalodes 
Mastic-bully 

Mastichodendron foetidissimum 
Poisonwood 

Metopium toxiferum 
Cheese shrub 

Morinda royoc 
Mulberry 

Morus rubra 
Wax myrtle 

Myrica cerifera 
Sea peanut 

Okenia hypogaea 
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Surveyors, Small, McAllister Huck, 
collectors, Britton, 1938° others, 
(Ohno ce 20 ihe late 20th C.* 
X 
X 
X X X 
Ke X X 
X X Xx 
x x x(A) 
X X 
x X 
X 
X X X X 
Xx X X 
x(A) 
X x(A) 
X 
X X X 
X 
Ke X x X 
x x(A;R&H) 
X 
x X x(A) 
X X X 
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Plant Species 
collectors, 


19ihiex 
Little passion flower 


Passiflora suberosa 
Red bay 
Persea borbonia 
Southern slash pine 
Pinus elliottii var. densa X 
Jamaica dogwood 
Piscidia piscipula 
Black bead 
Pithecellobium keyense 
Wild coffee 
Psychotria nervosa 
Live oak 
Quercus virginiana 
Box briar 
Randia aculeata 
Beach star 
Remirea maritima 
Darling plum 
Reynosia septentrionalis 
Red mangle 
Rhizophora mangle X 
Rhynchospora 
Rhynchospora caduca 
Sabal palm 
Sabal palmetto X 
Glasswort 
Salicornia bigelowii 
Willow 
Salix caroliniana 
Inkberry 
Scaevola plumieri 
Whitewood 
Schoepfia chrysophylloides 
Saw palmetto 
Serenoa repens x 
Sea purslane 
Sesuvium portulacastrum 
Bay Cedar 
Suriana maritima 


Surveyors, 
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z 


Small, McAllister Huck, 


Britton, 19383 others, 
e.2 0th Cz late 20th C.* 

x 

? X x(A) 

XK x 
X 

Xx Xx X 

X x ix 
x(A) 

i X 

xX x 
x(A) 

Xx Xx Xx 

X X 

Ki mM x 

x x(A) 

x x(A) 

x X Xx 

x 

xX x x 

x xX x 

x x X 
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Plant Species Surveyors, Small, McAllister Huck, 
collectors, Britton, 1938° others, 
1Oth'Cs ~e,20th'C2 late 20th C.* 

Thread-leaved wild pine 

Tillandsia recurvata X 
Spanish moss 

Tillandsia usneoides X X X 
Swollen wild pine 

Tillandsia utriculata X x 
Sea oats 

Uniola paniculata : X X X 
Tallow-wood 

Ximenia americana x 
Key Biscayne prickly ash 

Zanthoxylum coriaceum X x(A;H&P) 


xX = Species in the natural historic landscape of Key Biscayne. Nomenclature follows 
chiefly Correll and Correll (1982) and, secondarily, Wunderlin (1982). 


1 = Scientific names are assumed for common names in literature cited in this paper. 

2 = List compiled from those marked “U.S. Keys” in Flora of the Florida Keys (Small, 
1913) and Britton (1904b). 

3= List compiled from McAllister (1938). 

4 = Species collected or observed by Huck, except for those cited as (A) for G. Avery 
(n.d.) and (H & P) for R. L. Hammer and J. Popenoe (1979). 


* naturalized 
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LARVAL GROWTH, DEVELOPMENT, AND METAMORPHOSIS OF 
AMBYSTOMA CINGULATUM ON THE GULF COASTAL PLAIN OF 
FLORIDA 


JOHN G. PALIs 


RR 1, Box 258, Tell City, Indiana 47586, USA 


Asstract—Larval growth of the flatwoods salamander, Ambystoma cingulatum, is described for two popu- 
lations on the Gulf Coastal Plain of Florida. Hatchling larvae measured 7.5-11.5 mm snout-vent length (SVL). 
Estimates of growth and length of larval period varied from 1.69 to 2.54 mm/week and I1 to 18 weeks depend- 
ing on site and cohort. Size at metamorphosis was similar between animals held in the lab (mean = 39 mm 
SVL) and animals observed in the field (mean = 42 mm SVL). The metamorphic process required approxi- 
mately 10 days in the lab and involved a sequential series of changes in morphology and pigmentation. 


THE FLATwoops SALAMANDER (Ambystoma cingulatum) inhabits mesic, seasonally 
wet, pine flatwoods and pine savannas from southwestern Alabama, eastward through 
the Gulf Coastal Plain to north-central Florida, and northward through the Atlantic Coastal 
Plain to southern South Carolina (Conant and Collins, 1991). Eggs are deposited terres- 
trially between October and December in depressions that fill with late fall and early 
winter rains (Anderson and Williamson, 1976). The larval period ends before the sea- 
sonal wetlands dry the following April or May as a result of reduced rainfall and in- 
creased plant evapotranspiration (Chen and Gerber, 1990). 

The ecology of the flatwoods salamander is poorly known. Goin (1950) summa- 
rized what was then known of the natural history, and Anderson and Williamson (1976) 
provided details of the reproductive ecology of the species on the Atlantic Coastal Plain. 
Other than descriptions of hatchlings and larvae (e.g., Orton, 1942; Mecham and Hellman, 
1952; and Telford, 1954), little is known of the larval ecology. 

This study was initiated to determine the growth rate of larvae under natural condi- 
tions and to describe the ontogenetic changes from larva to metamorph. Comparisons of 
growth rate and development are made with Ambystoma opacum, which shares a similar 
reproductive strategy (Noble and Brady, 1933). 


MetHops—Larvae were collected from a seasonally flooded roadside depression (ca. 90 m x 40 m and 
34 cm deep when full) in Calhoun County, Florida. The depression, designated Calhoun-09, typically contains 
water from October or November through April or May. Approximately 85% of the bottom is covered by 
graminaceous vegetation, predominantly a low-growing rush (Juncus repens) and panic grass (Panicum 
scabriosculum). Calhoun-09 is within a mature, relatively open-canopied, infrequently burned, longleaf pine 
(Pinus palustris)/slash pine (P. elliottii) - wiregrass (Aristida stricta) forest managed for saw-timber produc- 
tion. Other amphibian species observed at this site include dwarf salamander (Eurycea quadridigitata), central 
newt (Notophthalmus viridescens), southern cricket frog (Acris gryllus), spring peeper (Pseudacris crucifer), 
southern chorus frog (P. nigrita), ornate chorus frog (P. ornata), and southern leopard frog (Rana utricularia). 
Supplementary larval collections were made at a shallow (22 cm maximum depth), 0.6 ha myrtle-leaved holley 
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(Ilex myrtifolia) - Chapman’s St. John’s-wort (Hypericum chapmanit) - dominated wetland on Eglin Air Force 
Base, Okaloosa County, Florida. The wetland floor is nearly completely covered with graminaceous vegeta- 
tion dominated by beakrushes (Rhynchospora spp.), hatpins (Eriocaulon compressum), three-awned grass 
(Aristida affinis), and panic grasses (Panicum spp.). The wetland, designated Eglin-46, is within a longleaf 
pine - wiregrass flatwoods. Other amphibians observed at Eglin-46 include Eurycea quadridigitata, 
Notophthalmus viridescens, Pseudacris nigrita and P. ornata. 

Calhoun-09 larvae were sampled by dipnet six times at night between 28 November 1992 and 2 April 
1993. Larvae were principally taken from graminaceous vegetation, although some larvae were observed in 
the water column or lying on the bottom. Hatchling larvae were collected 28 November and 2 December with 
a 2-mm mesh dipnet, then sacrificed and preserved in 10% formalin. Thereafter, larvae were collected with a 4- 
mm mesh dipnet, measured in the laboratory, and released at the approximate site of capture. Snout-vent length 
(SVL) was measured from the tip of the snout to the posterior end of the vent to the nearest 0.5 mm. Limb and 
toe development and tail damage were noted each sample period. Eglin-46 larvae were sampled during the day 
24 January 1994 with 0.5-mm and 2-mm mesh dipnets, and 1 March and 2 April 1994 with a 4-mm mesh 
dipnet, measured, and released. Water temperature was recorded at each site during each sample period. To 
observe morphological changes associated with metamorphosis, six Calhoun-09 larvae were collected 5 March 
1993 and held in captivity through the end of transformation. 


RESULTS AND DiscussioN—Larval Growth—A total of 93 larvae was collected at 
Calhoun-09 (Fig. 1), and 65 at Eglin-46 (Fig. 2). Eighteen hatchling larvae, averaging 
9.4 mm SVL (range = 7.5-11.5 mm) and 15.25 mm TL (range = 12-19 mm) were col- 
lected at Calhoun-09 28 November and 2 December 1992 (Table 1). Hatchling larvae 
collected in the field in Georgia and South Carolina by Anderson and Williamson (1976) 
averaged 12.7 mm TL (range = 11.3-14.8 mm), whereas those hatched in the lab ranged 
from 9.6 to 15.7 mm TL. 

Growth rates were estimated from the size frequency distributions in Figs. 1 and 2. 
Larvae grew at an estimated rate of 1.78 mm/week at an average water temperature of 
14.5 C (range = 10-20 C) in Calhoun-09, and 2.54 mm/week at an average water tem- 
perature of 16.5 C (range = 14-20 C) in Eglin-46. By January, Calhoun-09 larvae varied 
widely in size (Fig. 1). This may have resulted from staggered hatching of eggs as a 
result of incremental pond filling (Petranka and Petranka, 1981), or from variation in 
developmental stages of the eggs at the onset of inundation because of differences in 
date of oviposition. In February, two distinct size classes were apparent (Fig. 1). Mem- 
bers of the smaller size class (mean = 16.8 mm SVL) were essentially the same size as 
the average of larvae collected 3 January, one month after hatching (mean = 16.7 mm 
SVL), and significantly smaller than members of the larger size class (mean = 32.8 mm; 
T = 11.87, P < 0.0001). When first sampled, the basin was about half full. It was nearly 
dry by 3 January, but filled to capacity during a heavy rain 7 January. Presumably, the 
larvae first encountered 28 November/2 December hatched from eggs inundated during 
partial filling of the depression in November. The smaller larvae observed on 3 February 
probably hatched from eggs inundated 7 January. Two distinct size classes (means = 
26.3 mm and 38.8 mm SVL) were also observed in March that differed in SVL (T = 
13.36, P< 0.0001). By April, the distinction between the two size classes was less appar- 
ent, presumably due to metamorphosis of older larvae. Separate analysis of the growth 
rate of each size class reveals that the older size class grew 1.87 mm/week, whereas the 
younger size class grew 1.69 mm/week. Based on the estimated date of egg inundation 
(22 Nov 1992), larval growth rate, average size of metamorphs observed elsewhere in 
panhandle Florida (42 mm SVL, n = 8), and dates of onset of metamorphosis of six 
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Fic. 1: Size-class distribution of larval Ambystoma cingulatum at Calhoun 
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larvae observed in the lab and two in the field, the larval period was approximately 15-18 
weeks at Calhoun-09. 

Larvae were first sampled at Eglin-46 approximately five weeks after partial filling 
of the pond, at which time they averaged 12.3 mm SVL (range = 10-14 mm) (Fig. 2). By 
1 March larvae varied considerably in SVL (range = 16-32 mm) but were not readily 
divided into size classes (Fig. 2). Larvae averaged 37.7 mm SVL in April (range = 36-40 
mm), which is smaller than some individuals observed 18 March (J. Jensen, pers. comm. ). 
Apparently larvae that hatched 20 December 1993 metamorphosed before the April 
sample. Larvae still inhabiting Eglin-46 in April had probably hatched from eggs inun- 
dated during a heavy rain 28 January 1994. Based on the estimated dates of hatching, 
larval growth rate (2.54 mm/week), and average size of metamorphs collected elsewhere 
in panhandle Florida, the larval period is estimated to have lasted 11-13 weeks at Eglin- 
46. The faster growth rate and shorter larval period at Eglin-46 was likely the result of 
warmer water temperatures. 

The larval period of A. opacum has been examined throughout much of its range, 
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Fic. 2: Size-class distribution of larval Ambystoma cingulatum at Eglin-46. 
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from Alabama to New Jersey. The larval period can be as long as 19 weeks in New Jersey 
(Hassinger et al., 1970), or as short as 12 weeks in Alabama (Petranka and Petranka, 
1980). The average larval period and growth rate of A. opacum raised at low and high 
densities in a compartmentalized breeding site in South Carolina varied from 16.5 to 
23.4 weeks and 2.73 to 1.26 mm/week, respectively (Scott, 1990). Ambystoma cingulatum 
larvae examined in this study grew at rates similar to A. opacum raised at low densities in 
South Carolina. 

Development and Color Patterns—Harrison stages (see Duellman and Trueb, 1986) 
of hatchlings observed in this study ranged from 42 to 46. Balancers were present on six 
of seven stage 42-43 larvae, but were lost by stage 45. In Georgia and South Carolina, 
hatchlings observed in the field were stages 43-44, whereas those in the lab hatched at 
stages 38-46 (Anderson and Williamson, 1976). The color pattern of hatchlings was 
described by Anderson and Williamson (1976). 

All larvae had lost the balancers by 9.5 mm SVL and 16 mm TL. Ambystoma opacum 
larvae lose their balancers at 19-20 mm TL (Brandon, 1961). When 4-5 weeks old, 
Calhoun-09 A. cingulatum larvae with complete tails (n = 14) averaged 28.7 mm TL. Toe 
development of A. cingulatum of this size is comparable to that of A. opacum of similar 
lengths observed in the field in New Jersey (Hassinger et al., 1970) (Table 1). At 8-9 
weeks old, Calhoun-09 A. cingulatum larvae with complete tails (n = 6) averaged 47.2 
mm TL. At 42-45 mm TL, laboratory-raised A. opacum larvae have four toes on the 
forelimbs and five on the hindlimbs (Brandon, 1961). Nearly half (45%) of the 8-9 week 
old A. cingulatum larvae also had four toes on the forelimbs and five on the hindlimbs. 
Ambystoma cingulatum larvae shed the balancers at a smaller size than A. opacum lar- 
vae, but appear to have similar limb and toe development as A. opacum larvae of the 
same size class (Hassinger et al., 1970). 


TABLE 1: Development of the limbs in larval Ambystoma cingulatum collected at Calhoun-09. Similar-sized 
larvae from both cohorts are combined in ages 8-9 and 12-13 weeks (e.g., cohort 1 larvae captured 3 Feb 
1993 are combined with cohort 2 larvae captured 5 Mar 1993). Range follows mean SVL in parentheses. 
The number of toes and toe buds is the modal number for each sample. 


Larval Mean Anterior Posterior 

Age n SVL (mm) Limbs Limbs 

1 week 18 9.4 2 toes, 1 bud absent 
(7.5-11.5) 

4-5 23 16.7 3 toes, 1 bud limb buds 

weeks (12.0-25.0) 

8-9 2a 27.8 4 toes 4 toes, 1 bud 

weeks (20.0-36.0) 

12-13 22 37.6 4 toes 5 toes 

weeks (35.0-41.0) 
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The basic larval color pattern described by Mecham and Hellman (1952) and Telford 
(1954) is developed by the time larvae are one month old. However, unlike in larger 
larvae, the gills of living larvae at this stage are brown rather than red, and the mid-dorsal 
and mid-lateral body stripes are uniformly tan. In their comparison of preserved larvae 
of Ambystoma cingulatum and Ambystoma mabeei, Hardy and Olmon (1974) reported 
that A. cingulatum larvae ranging 18.7-28.8 mm SVL lack the light ventrolateral stripe 
ascribed to larger larvae by Mecham and Hellman (1954). In fact, the yellow ventrolat- 
eral stripe is present in living larvae of this size, but it quickly fades in 10% formalin. 

In Florida, Ambystoma cingulatum larvae can attain 47 mm SVL and 96 mm TL 
prior to metamorphosis. The typical color pattern on the body of large, pre-metamorphic 
living larvae is as follows: a 2-3 mm wide pale tan mid-dorsal stripe; a 3-4 mm wide 
grayish black dorsolateral stripe; a 2-3 mm wide pale cream mid-lateral stripe; a 3-5 mm 
wide blue-black lower lateral stripe; and a 2-3 mm wide pale yellow ventrolateral stripe. 
In some animals, the mid-dorsal stripe is dark tan. As a result of a suffusion of black 
pigment, the dorsolateral and lower lateral dark stripes can be coal black and the mid- 
lateral stripe can be “dirty” cream. The suffusion of dark pigment appears to be associ- 
ated with age, as smaller larvae taken concurrently in wetlands with larger larvae do not 
exhibit the same degree of melanism. Some smaller larvae taken from darkly-stained 
waters, however, exhibit a greater degree of melanism than is typically found in Florida 
specimens. The darker color of these larvae is presumably the result of staining by tannins 
in the water. Although usually uniformly dark, the dorsolateral stripe 1s sometimes inter- 
rupted by light dots. When viewed from above, the truncated head is widest at the jaw 
stripe. The insertion of the dorsal tail fin lies just posterior to the insertion of the fore- 
limbs. 

Half of 12 larvae captured in Calhoun-09 on 3 January 1993 had damaged tails. 
Four were missing the terminal tail filament, and two had lost the distal portion of the tail 
fin to the tail musculature. On 3 February 1993 only three of 18 Calhoun-09 larvae 
(16.5%) examined had damaged tail tips. Damage to the distal portion of the tail in- 
creased to 20 of 26 larvae (77%) taken on 5 March 1993, and to 16 of 19 larvae (84%) 
captured on 2 April 1993. Tail damage may have been caused by dragonfly larvae or 
conspecifics (Pritchard, 1965; Caldwell et al., 1980; Semlitsch, 1987). 

Metamorphosis—The onset of metamorphosis is manifested by reduction in size of 
the gill filaments; constriction of the mid-dorsal stripe as a result of encroachment of 
black pigment from the adjacent dorsolateral stripes; suffusion of dark brown pigment 
on the mid-dorsum of the head; narrowing of the head, resulting in a slight bulging of the 
eye sockets and a more pointed snout; and suffusion of pale blue-green flecking in the 
dorsolateral and lower lateral dark stripes. As metamorphosis progresses, the gill rachi 
begin to shorten and the tail fin shrinks in length and height. By the time the gill rachi 
have shortened to half their original length, the insertion of the dorsal tail fin lies just 
anterior to the insertion of the hind limbs; the mid-dorsal stripe is 1 mm wide or less; and 
the tail musculature and legs thicken. When the gills and tail fin are fully absorbed, the 
head, when viewed from above, is widest at the eye stripe, pointed and uniformly dark 
brownish-black with a suffusion of blue-green flecks; the eyes protrude beyond the out- 
line of the head; the mid-dorsal stripe is hair thin and extends approximately 3/4 down 
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the length of the body; the tips of the digits are rounded, not pointed; and, with the 
exception of the mid-lateral, cream-colored stripe that extends along the length of the 
body and the anterior half of the tail, the body is uniformly brownish-black with pale 
blue-green flecks and mottling. 

In the laboratory, the metamorphic process took approximately 10 days. Metamorphs 
averaged 39 mm SVL (range = 36.5-41) and 67 mm TL (range = 64-70). 


ACKNOWLEDGMENTS—I thank J. Jensen, D. Printiss, and E. Levine for assistance in the field, J. Amoroso 
for rendering the figures, and P. Moler and an anonymous reviewer for commenting on an earlier version of this 
manuscript. Observations at Eglin Air Force Base were supported by the U.S. Department of Defense Legacy 
Resource Management Program through a contract with The Nature Conservancy. 


LITERATURE CITED 


ANDERSON, J. D. AND G. K. WILLIAMSON. 1976. Terrestrial mode of reproduction in Ambystoma cingulatum. 
Herpetologica 32:214-221. 

BraNpDOoN, R. A. 1961. A comparison of the larvae of five northeastern species of Ambystoma (Amphibia, 
Caudata). Copeia 1961:377-383. 

CALDWELL, J. P., J. H. THorp, AND T. O. Jervey. 1980. Predator-prey relationships among larval dragonflies, 
salamanders, and frogs. Oecologica 46:285-289. 

CHEN, E. AND J. F. GerBer. 1990. Climate. Pp. 11-34 Jn R. L. Myers anp J. J. Ewe (eds.), Ecosystems of 
Florida. University of Central Florida Press, Orlando, FL. 

CONANT, R. AND J. T. Cottins. 1991. A Field Guide to Reptiles and Amphibians: Eastern and Central North 
America. Houghton Mifflin Company, Boston, MA. 450 pp. 

DUELLMAN, W. E. AND L. TRuEB. 1986. Biology of Amphibians. McGraw-Hill, Inc., New York, NY. 670 pp. 

Gorn, C. J. 1950. A study of the salamander, Ambystoma cingulatum, with a description of a new subspecies. 
Ann. Carnegie Mus. 31:229-321. 

Harpy, J. D., JR. AND J. OLMon. 1974. Restriction of the range of the frosted salamander, Ambystoma cingulatum 
based on a comparison of the larvae of Ambystoma cingulatum and Ambystoma mabeei. Herpetologica 
30:156-160. 

Hassincer, D. D., J. D. ANDERSON, AND G. H. DALRympLeE. 1970. The early life history of Ambystoma tigrinum 
and Ambystoma opacum in New Jersey. Amer. Midl. Nat. 84:474-495. 

JENSEN, J. B. 1994. Florida Natural Areas Inventory, Tallahassee, Pers. Commun. 

MEcHAM, J. S. AND R. E. HELLMAN. 1952. Notes on the larvae of two Florida salamanders. Quart. J. Fla. Acad. 
Scil 152127133: 

NosLE, G. K. AND M. K. Brapy. 1933. Observations on the life history of the marbled salamander, Ambystoma 
opacum Gravenhorst. Zoologica 11:89-132. 

Orton, G. 1942. Notes on the larvae of certain species of Ambystoma. Copeia 1942:170-172. 

PETRANKA, J. W. AND J. G. PETRANKA. 1980. Selected aspects of the larval ecology of the marbled salamander 
Ambystoma opacum in the southern portion of its range. Amer. Midl. Nat. 104:352-363. 

AND J. G. PETRANKA. 1981. On the evolution of nest site selection in the marbled salamander, 
Ambystoma opacum. Copeia 1981:387-391. 

PRITCHARD, G. 1965. Prey capture by dragonfly larvae (Odonata: Anisoptera). Can. J. Zool. 43:271-289. 

Scott, D. E. 1990. Effects of larval density in Ambystoma opacum: an experiment in large-scale field enclo- 
sures. Ecology 71:296-306. 

SEMLITSCH, R. D. 1987. Paedomorphosis in Ambystoma talpoideum: effects of density, food, and pond drying. 
Ecology 68:994-1002. 

TELFORD, S. R., JR. 1954. A description of the larvae of Ambystoma cingulatum bishopi Goin, including an 
extension of the range. Quart. J. Fla. Acad. Sci. 17:133-236. 


Florida Scient. 58 (4): 352-358. 1995. 
Accepted: July 28, 1995. 


No. 4 1995] Patis—LarVALGROWTH, DEVELOPMENT, AND METAMORPHOSIS OF AMBYSTOMA CiNGULATUM = 3.59 


Chemical Sciences 


OXIDATION OF PLATINUM(II) MONO(ETHYLENEDIAMINE) COM- 
PLEXES WITH THE OXIDES OF NITROGEN, NO AND NO:: 
POSSIBLE ANTI-TUMOR AGENTS (ID) 
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Department of Chemistry, University of South Florida, Tampa, FL 33620 


AssTRACcT: Platinum compounds are of interest because of their antitumor activity. The best known example 
is “Cisplatin”, cis-diamminedichloroplatinum(II) (cis-Pt(NH,),Cl,), which is effective against a variety of 
human tumors. More recent studies have shown that nitric oxide produced by macrophages in the body can kill 
or stop the proliferation of tumor cells. This work explores the synthesis of Pt(IV) complexes by action of 
nitrogen dioxide gas, NO,, on aqueous monoethylenediamine Pt(II) solutions, or by action of nitric oxide gas, 
NO, on solutions of the complex in 2 M HNO,, In these systems, rapid oxidation of platinum(II) occurs which 
produces a blue intermediate, presumably a platinum(IV) nitrosyl complex, Pt-NO. These species undergo 
further oxidation in air at slower rates, which are a function of counter ions to produce pale yellow solutions 
from which the Pt(IV) nitro complexes, [Pt(en)(NO,)(Cl),], and possibly [Pt(en)(NO,),Cl], and the complexes 
or mixtures of [Pt(en)(NO,)(ONO),(Cl)], [Pt(en)(NO,),(ONO),], and [Pt(en)(NO,)(ONO).] were obtained. 
Physical measurements on [Pt(en)(NO,)(ONO),Cl] and [Pt(en)(NO,)(ONO),] complexes suggest that in vivo 
reduction may occur to give “Cisplatin” type drugs and NO for inhibiting or immobilizing cancer tumor cells. 


In RECENT years, because an increasing number of people in Florida and elsewhere 
are developing cancer (Davis et al., 1990) more interest is being shown in new types of 
cancer drugs. Cis-diamminedichloroplatinum(II) or “Cisplatin” was the first of a class of 
platinum coordination compounds to be recognized for its antitumor activity (Rosenberg 
et al., 1969). However, even though Cisplatin is effective against a wide variety of hu- 
man tumors, it has the drawbacks of toxicity and low solubility making its administra- 
tion difficult (Burchenal et al., 1979). 

More recent studies (Feldman et al., 1993) have shown that macrophages in the 
body produce nitric oxide (NO) in amounts sufficient to kill or inhibit the proliferation of 
tumor cells. It appears that nitric oxide attacks by bonding to the metal enzymes that are 
involved in respiration, which prevents them from functioning. The cells actually starve 
to death (Lancaster, 1992). 

It was of great interest for us to synthesize platinum(IV) complexes, which may 
undergo in vivo reduction in the human body to produce “Cisplatin” type compounds 
and nitric oxide in sufficient quantities for a double attack on tumor cells. In our previous 
studies (Burdge et al., 1995) we have demonstrated that the 
bisethylenediamineplatinum(II) complex, [Pten,]**, can be oxidized by nitrogen oxide 
gases (NO,/H,O and NO/HNO,) to produce platinum(IV) complexes containing nitro 
and nitrito ligands, therefore, an investigation was undertaken to synthesize similar com- 
pounds using the monoethylenediamineplatinum(II) chloride complex [PtenCl,] as a start- 
ing material, since for anti-tumor activity, neutral complexes with cis-oriented leaving 
groups are usually required.. 
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Though previous work by investigators (Stetsenko et al., 1969) reported the forma- 
tion and isolation of blue platinuin(IV) nitrosyl complexes when [PtenX,] solutions were 
treated with a NO/NO, mixture, they did not identify the influence of counter ion in 
stabilization of the nitrosyl species nor did they isolate the nitro complexes formed by 
subsequent oxidation in solution. Other investigators (Nazarova et al., 1965) also re- 
ported the formation of the [PtenNO,Cl,] complex in nitric acid through a blue nitrosyl 
intermediate. Our investigation would use both reagent approaches (NO,/H,O and NO/ 
HNO,) reported earlier (Burdge et al., 1995). 


MATERIALS AND METHOoDs—Synthesis—The dichloromonoethylenediamine platinum(II) complex, 
[PtenCl,], was purchased from Pfaltz and Bauer, Inc. and Johnson Matthey, Inc., while the 
mono(ethylenediamine)diodo platinum complex, [Pten I], was received as a gift from Englehard, Inc.) The 
NO, and NO gases were obtained from Matheson Gas Products. 

[PtenCl,] - Infrared analysis of the purchased [PtenCl,] revealed the BAe spectrum of complexed 
ethylenediamine with N-H bands at 1565 cm', 1290 cm", 880 cm" and at 770 cm" 

[Pten(NO,)CI,], I, using NO, as onidant - A mixture of [PtenCl,] (0.3316 depeet in 25 zal of D.I. 
water) was magnetically stirred while being treated with NO, gas for 45 minutes at about the rate of one bubble 
of gas per second. This gave a blue solution which when concentrated at 50°C to 3 mL on a hot plate precipi- 
tated yellow crystals. The crystals were broken up in 95% ethanol and filtered off to yield 0.1585 g of product 
(37.8% yield). The infrared spectrum of the product exhibited NO, bands at 1480 cm", 1325 cm'', 600 cm"! and 
an exceedingly sharp band at 827 cm" indicating a coordinated nitro ligand. The N-H rocking mode, present at 
770 cm" in the [PtenCl,] starting material, was missing, indicating that the new compound was a platinum(IV) 
complex. This was confirmed by XPS spectra. Anal: calculated for [Pt(N,C,H,)NO,Cl,] (FW 407.55): C, 5.89: 
H,, £983N;, 10:31 3Founds ©, 5:91: He 2203sNe 0:66: 

[Pten(NO,)CI,], I, using NO/HNO, as oxidant - A solution of [PtenCl,] (0.3166 g dissolved in 20 mL 
deionized water ane 3 mL of 16 M nitric aed) was treated with reagent grade NO gas for 7 minutes. During the 
first 30 seconds, the suspension turned yellow-green which gradually deepened to green and blue-green in 2 
minutes. After 7 minutes, no solid remained and color of the solution was deep blue-green; however, after 
several hours the solution color had faded to yellow. Upon evaporation at room temperature in an air-stream 
desiccator, fine bright yellow crystals, I, were obtained that contained a sharp IR band at 827 cm", character- 
istic of an N-coordinated nitro ligand. A N-H rocking band at 770 cm was not detected. Anal: calculated for 
[Pt(N,C,H,)NO,C1,] (FW 407.55): C, 5.89; H, 1.98; N, 10.31; Cl, 26.10. Found: C, 6.01; H, 1.94; N, 10.07; Cl, 
26.87. 

if Pten(NO, ),Cl], II, using NO, as oxidant - The filtrate obtained in the preparation of [Pten(NO,)Cl,] by 
using NO, as an oxidant was evaporated to dryness at 50°C to remove ethanol and then redissolved in 15 ait 
H,O. A NO, gas stream was introduced into the solution (25°C) for 1 hour at a rate of about 1 bubble per 
second. The solution became apple green in color and was filtered to give a yellow solution. This filtrate was 
concentrated on a hot plate at 50°C to a volume of | mL and allowed to stand for three weeks at ambient 
conditions. A gummy yellowish colored solid, II, resulted, whose IR spectrum contained a split band at 1480 
cm! and 1455 cm" as well as an asymmetrical, moderately sharp band at 825 cm’ (broader than [Pten(NO,)Cl.,]). 
indicating two types of coordinated nitro (NO,) ligands and a short, broad band at 970 cm'' showing that a 
small percentage of nitrito ligands were present. No N-H rocking mode at 770 cm was detected, indicating a 
Pt(I[V) complex. We formulated this complex, II, as predominantly [Pt(en)Cl(NO,),] based primarily on infra- 
red evidence. 

[PtenNO,(ONO),Cl], III, using NO/HNO, as oxidant - A solution of [PtenCl, »] (0.9245 g, 2.83 m mole 
dissolved in 20° mL H, 0 and 3 mL of 16M HNO ,) was treated with a stream of NO gas at the rate of about 1 
bubble per second. A green color appeared almost at once which became a deep blue color at 10 minutes. In 
another 25 minutes, the blue color began dissipating and a small amount of solids began precipitating; there- 
fore, the NO flow was stopped. After standing for three days the solids were removed by filtration, washed and 
dried in a desiccator giving 0.2649 g of a light yellow product. IR analysis showed the spectrum to be identical 
to [Pten(NO,)C1,]. 

The filtrate (38 mL) was allowed to evaporate at ambient conditions to a 10 mL volume and a small 
amount (0.0148 g) of yellow needles were removed by filtration. The second filtrate (yellow color) was evapo- 
rated further using a Rotovac first at 55°C and then at 73°C and 6 kPa vacuum to give 0.8337 g of a yellowish- 
brown material, III. 
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The infrared spectrum of this product contained a characteristic sharp band at 827 cm’, indicating a 
coordinated nitro ligand, bands at 1525 cm", 1280 cm", and a large, broad band at 975 cm’! indicating coordi- 
nated nitrito ligands, and a small band at 1720 cm" suggesting a N=O group. The N-H rocking mode at 770 cm 
' characteristic of the [PtenCl,] starting material was not present. Anal: calculated for [Pten(NO,)(ONO),Cl] 
(FW 428.62): C, 5.60; H, 1.87; N, 16.34. Found: C, 5.96; H, 2.00; N, 11.29. 

Further drying at 73°C and 6 KPa vacuum gave a product whose infrared spectrum contained a larger, 
more asymmetrical nitro band at 825 cm, a smaller more asymmetrical nitrito band at 965 cm, and a much 
larger, sharp (N=O?) band at 1720 cm". Anal: Found: C, 7.08; H, 2.01; N, 8.98. These analyses indicate 
continued loss of NO from the product during drying. 

[Pten(NO,),(ONO)], IV, using NO, as oxidant - A solution of [PtenCl,] (0.3336 g, 1.022 x 10° mol 
dissolved in 15 mL water) was added to a solution of silver nitrate (0.3478 g, 2.044 x 10° mol) to remove the 
chlorides. The slurry was allowed to react for 6.5 hours at 50°C, and cooled overnight at 10°C. It then was 
heated to 50°C and filtered. A 0.2908 g (2.029 x 10? mol) amount of silver chloride was obtained. 

The filtrate was treated with a NO, gas stream (about | bubble per second) for 45 minutes at 25°C. The 
solution first turned an intense blue color, which after heating for 4.5 hours at 40°C, was colored yellow, 
orange and finally brownish, from which solution brown, needle-like crystals appeared. The solution was 
concentrated to a final volume of 4 mL, cooled to 10°C and these crystals filtered off yielding 0.1104 g, IV. The 
infrared spectrum of the product contained a sharp band at 830 cm' indicating coordinated nitro ligands; 
however, it also contained a sharp NH band at 777 cm" indicating a Pt(II) oxidation state that was confirmed by 
XPS analysis. Anal: calculated for [Pten(NO,),] (FW 347.39): C, 6.91; H, 2.33; N, 16.13. Found: C, 6.97,; H, 
232 5Ne 15.74. 

The filtrate was concentrated to less than 1 mL at 40°C and allowed to evaporate to dryness. A yellow, 
gummy product resulted whose infrared spectrum contained split, moderately sharp bands at 821 cm! and a 
shorter one at 839 cm' indicating two types of coordinated nitro ligands, a broad nitrito band at 970 cm", and 
a very small band at 1720 cm (N=O?). No NH band was observed at 770 cm! indicating a platinum(IV) 
oxidation state. This infrared spectrum suggests a complex with a probable formula of [Pten(NO,),ONO]. 

[Pten(NO,)(ONO),], V, using NO/HNO, as oxidant - A slurry of [PtenI,] (1.2639 g, 2.5 x 10° mol dis- 
persed in 60 mL water) was treated with a solution of AgNO, (0.8441 g, 5.0 x 10° mol) to precipitate the iodide 
as Agl. The slurry was allowed to react with stirring for 3 hours at 55°C, and cooled overnight at 25°C and 
filtered. A 1.1489 g (4.894 mmol) amount of dry silver iodide was obtained. 

The clear filtrate was concentrated at 55°C to a 30 mL volume and treated with a NO gas stream (about 
1 bubble/second) for 45 minutes at 25°C. No color change was noted until 4.5 mL of concentrated nitric acid 
(16 M) was added and the NO gas stream resumed, then it immediately turned a blue color. At the end of the 
NO addition, the color remained a deep blue which after 4 hours of standing exposed to air, turned green and 
by the following morning turned pale yellow. The treatment was repeated twice more with NO gas for 15 
minutes and the mixture was allowed to stand over night each time. 

The solution then was transferred to a Rotovac unit and evaporated to dryness at a maximum temperature 
of 73°C and a vacuum reading of 6 kPa to yield 0.9786 g of a brownish product. Its infrared spectrum con- 
tained the characteristic sharp nitro band at 827 cm", and a large asymmetrical, broad nitrito band at 970 cm". 
No NH band was present at 770 cm", indicating a Pt(IV) oxidation state. Anal: calculated for 
[Pt(N,C,H,)NO,(ONO),] (FW 439.25): C, 5.47; H, 1.84; N, 19.14. Found: C, 5.31; H, 1.69; N, 13.53. 

Further drying at 73°C and 6 kPa gave a product whose infrared spectrum exhibited larger nitro bands at 
1495 cm", 1320 cm', 480 cm" and an asymmetrical one at 827 cm" with a shoulder at 835 cm", smaller nitrito 
bands at 1550 cm’, 1280 cm and 960 cm" and a much larger band (N=0?) at 1725 cm’. Anal. Found: C, 9.35; 
H, 2.01; N, 7.90. These analyses indicate continued loss of NO from the product during drying. 

Physical measurements—Infrared spectra were recorded on a Beckman 1100 FT IR spectrometer over 
the range 4000-400 cm; while X-ray photoelectron spectra binding energies were obtained on aGCA McPherson 
ESCA 36 photoelectron spectrometer using Al(K ) (E = 1486.6 ev) as the x-ray source. Microanalyses of 
carbon, hydrogen and nitrogen were done by Desert Analytics, Tucson, AZ. 


RESULTS AND DiscussloN—We have extended our recently developed method for pro- 
duction of platinum(IV) nitrite complexes using NO, and NO gases as oxidants (Burdge 
et al., 1995) to mono(ethylenediamine)platinum(II) complexes, [Pt en Cl,] and [Pt 
en(H,O),]** as starting materials. As with the bis(ethylenediamine) series, either directly 
as in the case of NO., or in the presence of dilute nitric acid as in the case of NO, highly 
colored blue intermediates are rapidly produced which gradually fade in color. We at- 
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tribute the colors to nitrosyl platinum(IV) intermediate [Pt(en)C1,NO]* presumably con- 
taining the bent Pt-NO and a strongly activated trans- position opposite the nitrosyl ligand. 
As with the bisethylenediamine series, we attribute the fading of the color to oxidation of 
the coordinated nitrosyl group to a nitro ligand, NO,. 

In the case of the [Pt(en)Cl,] starting material using either the NO,/H,O or NO/ 
HNO, treatment, we isolated in good purity the previously reported (Stetsenko et al., 
1969) complex I, tricloronitroethylenediamineplatinum([V) [Pt(en)(NO,)Cl,]. This 
trichloro product (Fig. 1) was unexpected under these conditions and implied a chloride 
ligand must be extracted from unreacted [Pt(en)Cl,] by the nitrosyl Pt(IV) intermediate. 
This would limit the theoretical yields to less than 50% if no additional chloride was 
available. Indeed our yield was 37.8% for the NO,/H,O synthetic method. 


NO. 
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De ~~ ee oe NL ie ; 
H2C__ N oa Se H2C_ ee | se 1 
Cl 
a) b) 
NO, NO, 
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1 _— NOp Viglen _— ONO 
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Fic. 1a.) Structure of dichloroethylenediamineplatinum(II) starting material, [Pt(en)Cl,]; Proposed formulas 
and structure of platinum(IV) products of oxidation of starting material, or the related 
diaquaethylenediamineplatinum(II) complex by NO,(g) or NO(g)/HNO,(aq): b) I, [Pt(en)(NO,)C1,]; c) II, 
[Pt(en)(NO,),Cl]; d.) III, [Pt(en)(NO,)(ONO),Cl); e.) IV, [Pt(en)(NO,),ONO; f.) V, [Pt(en)(NO,)(ONO),]. 
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From the solutions which remained after isolation of product I, [Pt(en)(NO,)CI,], 
we were able to isolate in questionable purity two other products II and III of high water 
solubility which we formulate from chemical and infrared analyses mostly chloro-trinitro 
platinum([V) complexes. Product II was isolated from the NO,/H,O system and is for- 
mulated as containing three nitro ligands coordinated through IN 

Apparently Product II, [Pten(NO,),Cl] (Fig. 1) was obtained as a mixture of com- 
plexes. Since its IR spectrum consists of an asymmetrical band at 825 cm" indicating 
two types of coordinated nitro ligands and a short broad band at 970 cm' suggesting 
contamination from a complex containing nitrito ligands. Based on a shortage of chlo- 
ride in the reacting mixture, only one chloro ligand is expected in the complex, which 
probably is trans to a nitro ligand (Burdge et al., 1995). Since in the NO,/H,O synthesis 
more nitrite ions are expected, two nitrite ions may be bound as nitro ligands in the 
ethylenediamine plane, while the third nitro ligand results from the air oxidation of the 
nitrosyl group trans to the chloro ligand. The nitrito ligand contamination may be the 
result of water molecules forming aquo ligands in the ethylenediamine plane which are 
converted to nitrito ligands through displacement of hydrogen ions by NO* ions via the 
mechanism shown (Fig. 2). 

Product III (Fig. 1) also a trinitrite product, obtained using the solutions after the 
NO/HNO, treatment most likely contains two nitrito ligands bound through oxygen 
[Pt(en)(NO,)(ONO),Cl]. Apparently Product III initially may have the formula 
[Pten(NO,)(ONO),Cl], which was obtained during the second crystallization (yellow- 
ish-brown needles) in the NO/HNO, treatment of a solution of [PtenCl,]. In this proce- 
dure, there would be a deficiency of nitrite ions in solution, so water molecules would 
become the ligands in the ethylenediamine plane. These aquo ligands then could be 
converted to nitrito ligands by NO* via the mechanism shown (Fig. 2) (Burdge et al., 
1995). 

Upon drying the Product III, NO gas appeared to be given off. Both the chemical 
analysis for nitrogen and the nitrito band intensity decreased as drying progressed. Per- 
haps during drying the acidic hydrogens on the amine, nitrogen ligands migrated to the 
nitrito ligands displacing the NO group. In time the nitrogen amines may become asso- 
ciated with the remaining oxygen, since the nitroso band in the infrared spectrum in- 
creases in intensity. 

We also examined the reaction of NO,/H,O with the diaquo species [Pt en (SLO) IF 

Though the solution color change during NO, treatment inplied oxidation of the 
Pt) to the blue Pt(IV)NO intermediate; during work up the first solids which precipi- 
tated upon concentration of the solution was the dinitroethylenediamineplatinum(II) com- 
plex, [Pt(en)(NO,).]. Apparently as NO, was bubbled into the solution, nitrite ions are 
also formed which interact with the [Pten(H,O),]** ion forming insoluble, [Pten(NO,),] 
crystals. Chemical analysis, infrared and XPS analyses all confirm this structure. Upon 
long-term evaporation and drying of the filtrate, Product IV, formulated as 
[Pten(NO,),ONO] (Fig. 1) is obtained as a gummy product. An aquo liquid trans to one 
nitro ligand could be converted to a nitrito ligand via the mechanism shown (Fig. 2). No 
chemical analysis was attempted on this product because of its lack of crystallinity. 


364 FLORIDA SCIENTIST [VOL 58 


Product V, [Pten(NO,)(ONO),] (Fig. 1), may have been synthesized when the 
[Pten(H,O),]** solution was treated with NO gas in the presence of 2N HNO. Since the 
product is very soluble it was evaporated to dryness in a Rotovac unit. Its infrared spec- 
trum showed the presence of large amount of two types of nitrito ligands (see Fig. 2 for 
mechanism of formation) and only one type of nitro ligand. The lack of a N-H band at 
770 cm" indicates a Pt(IV) oxidation state. However, chemical analysis indicated there 
was not enough NO present for the product to have the formula [Pten(NO,)(ONO),]. 
Continued drying indicated additional losses of NO, since the nitrito band decreased in 
size and the nitroso band increased in size. Chemical analysis also showed a reduced 
amount of nitrogen present. ) 

The synthesis was repeated starting with 0.1 M HNO,, and periodic treatments with 
NO gas. Yellowish needles formed that were collected on a filter, dried and analyzed by 
infrared spectroscopy. The IR spectrum was identical to the previous one for [Pten(NO,),]. 
The yellow needles were then dissolved in nitric acid (6 M HNO, solution was needed) 
and the solution again treated with NO gas. An intense blue colored solution resulted 
which was allowed to evaporate to dryness under ambient conditions. This gave a gummy 
brownish yellow product. Its IR spectrum indicates a platinum(IV) oxidation state, two 
types of nitro ligands, and a possible aqua ligand but no nitritro ligand. Apparently even 
though a water ligand was present, conditions were not favorable for the formation of a 
nitrito ligand according to the mechanism shown (Fig. 2). Perhaps the nitric acid concen- 
tration was too high. Further work must be done to verify this. 
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Fic. 2 Proposed mechanism for formation of the O-bonded, nitrito-isomers, IV, [Pt(en)(NO,),(ONO)] or V, 
[Pt(en)(NO,)(ONO),]: Nitrosylation of Pt(en)(H,O),**(aq) in the absence of chloride ligands and using an 
NO,(g) stream results in production of the blue nitrosyl intermediates which undergo slow air oxidation to 
produce an axial nitro ligand (derived) from the nitrosyl) and a trans-hydroxo-ligand ligand. In addition the 
in-plane water ligands appear to be replaced by N-coordinated nitrite ligands. It is proposed that the 
nitrosylnitrite species, “N,O,", present in nitrous acid solutions, further nitrosylates the trans-hydroxo-ligand 
in this preceding complex, by the illustrated concerted attack of the nitrosonium, NO*, cation in the oxygen 
of the hydroxo-ligand to form the O-bonded, nitrito ligand which is accompanied by simultaneous proton 
transfer to the nitrite part of “N,O," species to form nitrous acid. This same mechanism could produce in- 
plane nitrito-group as in V by nitrosylation of cis-hydroxo ligands (see text). 
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ConcLusions—Both the new method of oxidizing platinum(II) complexes with a 
nitric oxide/nitric acid mixture and the previous NO, oxidation method can be used to 
synthesize the monoethylenediamine complex [Pten(NO,)CI,]. However, because of great 
solubility and instability during drying, only partially decomposed complexes of 
[Pten(NO,),Cl], [Pten(NO,)(ONO),Cl], [Pten(NO,),(ONO)] and [Pten(NO,)(ONO),] were 
obtained. 

While this is an encouraging beginning, much remains to be done. This new method 
of oxidation of platinum to the Pt(I[V) state, along with incorporation of nitrito ligands 
may enhance reducibility to active platinum(II) species. The in vivo generation of new 
active Pt(II) species accompanying the possible release of NO may initiate a new series 


of cancer drugs. 
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CHEMICAL PROCESSES IN TUFA FORMATION 


D. G. Ranps'!, J. S. Davis”, S. K. BRoApDway! AND B. J. KELLER! 


‘Department of Chemistry, Southern Illinois University at Edwardsville, Edwardsville, IL 62026; *Botany 
Department, University of Florida, Gainesville, FL 32611 


ABSTRACT: Measurements of chemical properties of spring water from an active tufa-forming site in IIli- 
nois, and an analysis of published data from four tufa sites in England have identified properties of water that 
involve tufa formation. These properties include a pH less than 8.34, a partial pressure of dissolved CO, 
hyperbaric with respect to its normal atmospheric partial pressure, and supersaturation with respect to cal- 
cite. We suggest tufa formation is also aided by filamentous algae which provide crystal nucleation sites and a 
holding mass for water to accommodate CO, diffusion and the slow kinetics of calcite formation. 


TUFA is a soft, calcareous substance formed by precipitation of calcium carbonate 
(calcite) from the water of calcareous springs and streams. This process is often associ- 
ated with filamentous blue-green algae, mosses, and filamentous green algae. In fresh- 
water springs and streams, tufa formation has been attributed to photosynthetic activity 
by the resident organisms, and to physical and chemical changes in the water (Chafetz 
and Folk, 1984; Dandurand et al., 1982; Ohle, 1937; Pentecost, 1981; 1982). Although 
biological processes contribute to tufa formation, chemical processes are much more 
important (Borowitzka et al., 1974; Pentecost, 1978; 1981). 

Based upon a series of water analyses of tufa-forming springs, Hoffer- French and 
Herman (1989), and Pentecost (1978; 1981; 1982; 1988) have concluded that loss of 
hyperbaric CO, from water to the atmosphere as spring water emerges from its source is 
the chief factor responsible for calcite deposition. The designation of three calcification 
processes associated with algae (Borowitzka et al., 1974) lends additional support to 
Pentecost’s thesis. In the calcification process concerned with tufa formation, Borowitzka 
and co-workers (1974) and Pentecost and Bauld (1988) provided evidence that calcite 
occurs extra-cellularly in a disorganized fashion and results from crystal nuclei seeded 
on surfaces of algae. 

In a previous paper (Davis et al., 1989), we reported on the biota of Falling Springs, 
an active tufa-former located in southwestern Illinois. In the present paper, we have 
continued our work on Falling Springs with an assessment of the potential of the water 
for chemical-induced calcite deposition. Water of this perennial spring emerges from a 
cave one third of the way up a perpendicular limestone bluff some 50 m in height. The 
water falls over a tufa curtain whose convex central portion of dense carbonate is pen- 
etrated by blue-green algae filaments of Phormidium incrustatum (Nag.) Gom., and whose 
sides of friable carbonate are largely of encrusted green algae filaments (Cladophora 
and Rhizoclonium). The central portion of the curtain is covered with water at all times, 


but the sides are dry from time to time. 
MATERIALS AND METHOps—Water of Falling Springs was sampled monthly near the center of the tufa 
curtain from October 1985 to January 1987. Samples were placed in tightly sealed jars and transported to the 


No. 4 1995] Ranps, Davis, BROADWAY AND KELLER—CHEMICAL PROCESSES IN TUFA Formation 367 


laboratory in a cooled container. Samples were analyzed for alkalinity by titration, phosphate colorimetrically, 
sulfate by turbidimetry, calcium and magnesium by atomic absorption spectrometry, and sodium and potas- 
sium by flame photometry (Lucero, 1987; Rands et al., 1986). Concentrations of Cl’ were estimated by differ- 
ence using the electroneutrality principle. The pH values were determined in the laboratory shortly after col- 
lection with a combination glass electrode. A series of pH measurements at the collection site and upon return 
to the laboratory showed no change in the concentration of hydrogen ions. The temperature of water samples 
at time of pH measurements was within 1°C of that at the time of sample collection. Concentrations of ionic 
species were analyzed with the computer program of Lucero (1987) and Rands and co-workers (1986) to 
obtain thermodynamic activities of ionic species associated with spring water and calcite potential values. 
Energy-dispersive x-ray analysis revealed abundant calcium, magnesium, silicon and iron in the surface and 
subsurface tufa. 


ReEsuLts—In order to specify the degree of super- or undersaturation of spring water 
with respect to calcite precipitation, we have defined in the equations below, calcite 
potential, (Q), which is directly related to the Gibbs Free Energy change accompanying 
the chemical deposition of calcite: 

For the precipitation of one mole of calcite, 

Ca**(aq)+ CO,” (aq) > CaC0,(c) 

The Lewis Equation (Rock, 1983) defines the free energy change accompanying 

that reaction: 


AG =AG°+ RTIn 


1 
(CLH(CO)) 
where (Ca?*) and (Ox) are the thermodynamic activities of calcium and 
carbonate ions in emerging spring water, AG® is the standard free energy change, 
R the universal gas constant and T the temperature in K. 
Defining the activity product of calcium and carbonate ions, 
8) = (CPO) 


(1) 


Equation 1 becomes 
AG = AG° - RTInQ. (2) 
When a state of equilibrium is established between crystalline calcite and calcium 
and carbonate ions in solution, the free energy change, AG, equals zero and the activity 
product equals the thermodynamic solubility product constant of calcite. Hence, equa- 
tion 2 becomes 
0 = AG°+ RTin K, (3) 
where K, = (Ca**)(CO,”) at equilibrium. 
Now, from Equation 2 
AG - AG° 


=) = 4 
pe —-lozO > 3RT (4) 
and from Equation 3 
- AG® 
K =-log K = 5 
ie 2.3RT ry 
Hence, we define the calcite potential, (Q). 
- AG 
= pK - = 6 
(Q) = pK, - pQ, pane (6) 


The function (Q) can be calculated from experimental data leading to (Ca**) and 
(CO,~) and K.. This function, along with our expermimental data and computer pro- 
grams have been used to produce the (Q) values of Fig. 1. A positive (Q) value indicates 
supersaturation with regard to calcite precipitation, and a negative value undersaturation. 
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Fic. 1, Calcite potential, (Q), during the period October 1985 to January 1987 for Falling Springs water. 
Horizontal line, (Q)=0, represents water in equilibrium with calcite. Half filled circles = 1985; open circles 
= 1986; filled circles - 1987. 


The magnitude of a positive (Q) value signifies the chemical driving force for calcite 
precipitation through its relationship to the free energy change accompanying the pro- 
cess. The calcite potential is operationally equivalent to the Langelier Index (Snoeyink 
and Jenkins, 1980) or SATCC (Kempe, 1975) functions, but it is preferred for conceptual 
purposes. Pentecost’s (1981) use of the function SATCAL is insufficient because it in- 
volves a ratio of log functions, and the function Q2 (Pentecost, 1988) which he does not 
define. 

To show the influence of hyperbaric CO, on calcite deposition, we have calculated 
with our monthly pH data the function pCO,(g) which is the negative logarithm of the 
partial pressure defined by the relationship log CO, (g) = log(HCO}) - pH + 7.82 (Lind- 
say, 1979), where log (HCO3) is the logarithm of the activity of HCO; in solution. 

Most values of the calcite potential for samples collected over the sixteen-month 
study period (Fig. 1) were near saturation or they were significantly supersaturated with 
respect to calcite. The three samples displaying negative calcite potentials were col- 
lected during periods of heavy rainfall that produced high flow rates from the spring. 

Water temperatures ranged from 11°C during the winter months to a high of 16°C 
in the summer. Temperature variations had no significant effect on the equilibrium cal- 
culations performed in this study. 
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Except for one measurement, the pH’s of spring water samples were less than 8.34 
(Fig.2), which is the value of an aqueous solution in equilibrium with calcite and CO, at 
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Fic. 2. The pH of Falling Springs water for the period October 1985 to January 1987. Horizontal line, pH = 
8.34, represents water in equilibrium with calcite and atmospheric CO, at P = 3 x 10“ atm. Half filled circles 
= 1985; open circles = 1986; filled circles = 1987. 


the normal atmospheric partial pressure of 3x10“* atm (Lindsay, 1979). 

In all water samples, the function pCO, (g) indicated that the the partial pressure of 
CO, exceeded its normal atmospheric pressure; often, the values of this system property 
were thirty times greater than in the normal atmosphere (Fig.3). 
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Fic. 3. Log pCO, for Falling Springs water for the period October 1985 to January 1987. Horizontal line, log 
pCO, = -3.52, represents normal value of pCO, in the atmosphere. Half filled circles = 1985; open circles = 
1986; filled circles = 1987. 
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In the central portion of Falling Springs curtain, the tufa is dense and heavily en- 
crusted filaments of Phormidium grow parallel to each other and at right angles to the 
surface in a hard, compact mass. Mucilaginous sheaths of many filaments project slightly 
beyond the tufa surface. On the sides of the curtain, the tufa is soft, and lightly encrusted 
filaments of Cladophora and Rhizoclonium grow in a loose, tangled mass. Thin “skins” 
of non calcified Phormidium develop in patches on the central portion of the curtain 
during the spring and summer months, but disappear shortly thereafter. 


Discussion—Otur results support the chemical deposition model for tufa formation 
of Borowitzka and co-workers (1974), Hoffer-French and Herman (1989), and Pentecost 
(1978, 1981). Our analyses of solution thermodynamics of the spring water provide evi- 
dence that in addition to CO, loss, the pH of the water, supersaturation with respect to 
calcite, and crystal nucleation sites are also important to the carbonate deposition pro- 
cess. 

The near saturation or supersaturation with respect to calcite of most of our calcite 
potential values (Fig. 1) indicate the water of Falling Springs has a strong tendency for 
the formation of tufa. We believe the three negative calcite potential values are due to 
decreased residence time of the water in the aquifer supplying the spring during periods 
of heavy rainfall and consequent increased flow of water from the spring. 

Our pH values of the spring water (Fig. 2) indicate that the partial pressure of CO, in 
the water emerging from the spring is greater than the normal partial pressure of CO, in 
the atmosphere. The resulting CO, loss from spring water exposed to the atmosphere 
would produce an increase in pH and cause calcite precipitation (Pentecost, 1978). Loss 
of hyperbaric CO, to the atmosphere from already supersaturated water results in a pH 
increase and an increase in the value of the calcite potential. This results in an increase in 
the excess free energy of the system with respect to calcite precipitation. With the com- 
puter program of Lucero (1987) and Rands and co-workers (1986), we have used 
Pentecost’s (1981) data from four tufa-forming sites in England to calculate calcite po- 
tential values (Table 1). In the sites Gordale Beck, and Howgill Tributary, the solution 


TABLE 1: Calcite potential and log CO, (g) recalculated from Pentecost’s (1981) pH and other data. 


Calcite 
pH Potential, () logCO,(g)" 
Malham Tarn 
(mid-lake) 8.5 0.75 -3.41 
Gordale Beck 8.2 0.80 -2.93 
Howgill Tributary 8.1 0.76 -2.78 
Waterfall Beck 1S -0.07 -2.31 


* Normal atmosphere, logCO,(g) = - 3.52 
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properties of calcite potential, as well as pH and CO, pressure are consistent with those 
we found at Falling Springs. The calcite potential of Waterfall Beck is essentially equal 
to zero signifying that the system is near equilibrium with respect to calcite. However, 
the low pH and a CO, pressure sixteen times greater than the atmospheric value signifies 
the tendency for CO, loss by diffusion and an accompanying increase in calcite poten- 
tial. Consequently, from a chemical viewpoint, this site can form tufa. 

At Malham Tarn (Pentecost, 1981) CO, pressure was considerably lower than at the 
other three locations, the value being close to log CO,(g) = -3.52, the value for normal 
atmospheric CO,. However, the water has a value of (Q) = 0.75 indicating significant 
supersaturation. Evidently, stream flow has resulted in significant CO, loss, but precipi- 
tation of calcite has not kept pace with it. The notoriously slow crystal formation of 
calcite is not controlled by ionic diffusion in solution, but rather the rate-determining 
process is a crystal surface effect (Nancollas and Reddy, 1974). Consequently, even though 
the lake water is supersaturated, the calcite precipitation process is sufficiently slow to 
allow supersaturation to persist for some time. 

Kinetic considerations of tufa formation require crystallization sites. Certain algae 
can provide nucleation sites for calcite either directly on the algal sheath or by trapping 
mineral particles which serve that purpose (Borowitzka, 1987; Emeis et al. 1987; Pente- 
cost and Bauld, 1988). Our earlierstudy of Falling Springs (Davis et al. 1989) provided 
evidence that filamentous algae, particularly Phormidium incrustatum, served as a ma- 
trix within which calcite was precipitated to bring about the development of tufa. We 
suggested that the mass of filaments serves to provide holding sites, much as a sponge 
would, where over a period of time the combination of CO, loss to the atmosphere which 
increases calcite potential, and the slow crystal growth of calcite, result in tufa forma- 
tion. 

In addition to providing calcite crystallization and water holding sites, properties of 
the algal filaments and the duration of water falling over the curtain appear to be associ- 
ated with texture, compactness and growth of the tufa. In the central portion of the cur- 
tain that is constantly covered with water, the curtain is thickest, and the Phormidium 
filaments with sheaths projecting slightly beyond the surface grow tightly packed and 
parallel to each other to form dense, hard tufa (Davis et al., 1989). Interestingly, no 
incrustation occurs on the ephemeral “skin” of Phormidium which appears on the tufa 
surface during the spring and summer. We believe the fast growth of the short lived skin 
filaments do not allow for crystal nucleation. The chemical nature of the algal sheath 
may be important to the deposition process (Pentecost and Bauld, 1988), and the appar- 
ently synchronized growth of the Phormidium and tufa deposition at Falling Springs 
(Davis et al., 1989) and at many sites may be due to close agreement of algal growth rate 
and rate of calcite deposition (e.g. Weisjermars et al., 1986). 
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